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The Air Force Association Convention 


What’s in the Air ? 
“Interavia Air Letter’ Reports 


International Meetings and Conferences 


The Mind of Mr. Reader 


Front cover: Preparations for a Thor-Able launching at Cape Canaveral. Rockets of this type were used, for example, to launch the American planetoid 


Pioneer V. 





Safety will always be 
Belgian Air Lines’ 
main goal 


The transport of persons and property in absolute 
safety is the constant concern of the management 
of the Belgian Air Lines, as indeed it is of any air 
transport company. The priority of safety over all 
other considerations is stressed both in the general 
policy directives issued to the staff and in the estab- 
lishment and observation of the standards for 
equipment utilization and the working conditions of 
aircrews. 

This regard for safety has also promoted research 
within the company itself with the aim of producing 
new and original solutions to problems concerning 
the comfort and well-being of passengers. 

Such research has resulted in the production by 
Sabena’s technical departments of a swing seat, 
known as the " Braun seat" aiter the name ot its 
inventor, one of the company’s engineers. This 











seat, normally upright, moves automatically to a 
horizontal position when the aircraft is subjected 
to decelerations above a given value, particularly 
in the case of a hard landing, and enables passen- 
ers to withstand far higher decelerations than 
ormerly. 
The seat, which has the approval of the Admini- 
stration Belge del’ Aéronautique, is fitted in Sabena’s 
Boeing 707-329 Intercontinentals. 


BeLGlAN Wild asacines 












Keep 

in touch 
with 
murphy 


All over the world 
airfields are installing Murphy 
VHF Radio Telephones as 
standard equipment. From 
Hong Kong to Holland, and 
from Sweden to South 
America, more and more 
people are keeping in touch 
with Murphy. 


murphy 
Mobile Radio Telephones 


Murphy Radio Limited, Electronics Division, Welwyn Garden City, Herts. 


CRC 71 A 
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USE 
THIS 
PAGE when you see 


your Mobil Representative 











e lower direct operating costs 


e better combustion 


e more BTU’s for the money 
e maximum payloads 


e minimum fuel weight 


Call Mobi! ro-day / 
Mobiljet 476 





the commercial fuel for modern jets 
[Mabil| 


ECONOMY, SERVICE 











Still faster! 






FLYING TIMES : 


PARIS - DAKAR : S HOURS 30 MINS. 
PARIS - NIAMEY >: S HOURS 35 MINS. 
PARIS - DOUALA >: 6 HOURS 30 MINS. 
PARIS - ROBERTSFIELD : 7 HOURS 10 MINS. 
PARIS - ABIDJAN : 7 HOURS 20 MINS. 


PARIS - BRAZZAVILLE 8 HOURS 15 MINS. 





REGULAR SERVICES: 
Tuesdays : Paris - Marseille - Douala - Brazzaville. 
Wednesdays: Paris - Marseille - Niamey - Abidjan. 
Thursdays : Paris - Marseille - Dakar. 
Saturdays : Paris - Douala - Brazzaville. 
Sundays : Paris - Dakar - Robertsfield - Abidjan. 





SSOEMMG LET 


SPEVE FPL MI PST APA PET aE a 








At Dakar, jet connections to South America : Rio de Janeiro-Sao Paulo- Montevideo- Buenos Aires. 


On every flight, two classes to choose from : low-fare Tourist Class and luxurious First Class, featuring 
the sensational PROMENADE BAR aboard. 


For further details, see your Travel Agent or nearest Air France office : 119 Champs-Elysées, BAL. 70-50. 
2 rue Scribe, OPE. 41-00. 30 rue du Faubourg Poissonniére, TAI. 46-00. Esplanade des Invalides, 
INV. 96-20. Other offices at Lille, Strasbourg, Lyon, Nice, Marseille, Toulouse, Bordeaux and Nantes. 


AIR FRANCE 


CARAVELLE AND BOEING ~- PERFECTION IN JET TRAVEL ON THE WORLD’S LARGEST AIRLINE 
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STRUVER GROUND POWER SUPPLY SYSTEMS FOR AIRLINERS 





@ ROLSTARTER This equipment is used at many airports in 
Germany and other countries to start piston-engine aircraft and 


the VISCOUNT. 








JET-ELECTRIC 75 > 


Self-propelled, Cust pewsres equipment for supplying power 
to the BOEING 707, DC-8 and LOCKHEED ELE TRA requiring 
400 c/s three-phase, 120/208 V. 








J 


q@q JET-FREQUENTA 


75 kVA frequency transformer 
for supplying jet aircraft with 
400 c/s three-phase, 120/208 V, 
from a permanently installed 
rm er cable system of 
normal voltage. 





q JET-AIRSTARTER Diesel compressor unit for compressed 
air “a of BOEING 707, DC-8 and LOCKHEED ELECTRA 
aircraft. 





DUO-VOLTA >» | 


Diesel dual-voltage unit with separate d.c. generators for 112 
and 28 V, for starting and supplying power to the CARAVELLE 
and COMET jets, as well as the BRITANNIA and VANGUARD 
turboprops. 


AD. STRUVER KG AGGREGATEBAU HAMBURG 
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USAF F-102 


USN FJ4 











TARGET 
LAUNCHER 
(C) TOW REEL 





RCAF T-33 








Swedish Air Service, Ltd. 
Provides High Performance Tow-Target Systems 


Swedish Air Service, Ltd. has signed a distributorship agree- 
ment with Del Mar Engineering Laboratories of Los Angeles, 
California to distribute high-performance RADOP® tow-target 
systems for use in aerial combat training. The agreement covers 
distribution of this new equipment in Sweden, Denmark, Norway, 
and Israel. 

The basic component of the system is a lightweight subsonic 
or a supersonic tow target, which can be equipped with flares for 
the homing of infrared missiles, and with special devices to 
enable the interceptor pilot to locate the target visually at long 
ranges. Provision is also made in the target to measure the closest 
approach of the weapons to the target when a direct hit is not 
obtained. The target is also used for surface-to-air training. 





€ ' 
& ad 
PING LaBsoRAT? 


1320- 


Tow reels will be provided which hold up to 6% miles of fine 
wire tow line, as well as target launchers which carry, launch, and 
recover the targets in-flight. The equipment is readily installed 
on, or removed from, operational fighter aircraft. 

These inexpensive RADOP weapons training systems, devel- 
oped by the Del Mar Engineering Laboratories, are already in 
extensive use by the air services of the United States, Canada, and 
other NATO nations. Now, the distribution of this equipment by 
Swedish Air Service, Ltd. will make the procurement and 
servicing of these systems much more convenient to free world 
airforces located in Sweden, Denmark, Norway, and Israel. 


For more information write Swedish Air Service, Ltd., 
Arsenalsgatan 4, Stockholm C, Sweden. 


International Airport +» Los Angeles 45, Calif. 
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WHATEVER THE WEATHER 


the Ryan AN/APN-97 Doppler Navigator for helicopters 

continuously and automatically detects and displays drift, vertical and heading speeds. 
By providing sustained automatic hovering and all-weather capabilities, 

it made possible a vital breakthrough in anti-submarine warfare missions. 

The first, lightest, self-contained navigator of its kind, the APN-97 is in fuil production 
for the Navy, Marines and Coast Guard and is the only Doppler helicopter navigator 

in world-wide operational use. The APN-97 operates on the approved frequency 

of 13,300 megacycles and has demonstrated very high accuracy. Applications include: 
All-Weather ASW, Rescue, Navigation, Blind Landings, Automatic Hovering, 

Aerial Surveys, Drone Helicopter Control, Traffic Control. World leader in the field of 
C-W Doppler navigation, Ryan Electronics is also making significant 

progress in solving problems essential to the success of future missions into Space. 


RYAN 


=a 
ELECTRONICS 


A DIVISION OF RYAN AERONAUTICAL COMPANY ® SAN DIEGO ® CALIFORNIA 
Ryan offers challenging opportunities to engineers 
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Pre-loaded ball screws, up to 95 efficient, 


operate at-92 C to over 400 C with no backlash... 
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RECIRCULATING BALLS 


BALL RETURN TUBE 
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BALL NUT 

















PRECISION GROUND 
SCREW THREADS — 
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SECURING BOLT 


¢ 
PRELOAD ADJUSTING SHIM 


... ANOTHER 





ENGINEERING ADVANCE 
FROM BRISTOL SIDDELEY 


Bristol Siddeley Engines Limited produce pre-loaded ball screws.* 
These ball screws achieve a minimum efficiency of 90% and they 
can operate within a temperature range of —52° C to 400° C with- 
out lubrication, and up to 170° C when lubricated. 


Machined and ground to the highest standards of precision en- 
gineering Bristol Siddeley pre-loaded ball screws greatly increase 
transmission efficiency. They reduce the power required for actua- 
tion by as much as 80%, when converting rotary drive into linear 
output or force input into torque output. By eliminating backlash, 
with pre-loading, they give precise control over very small incre- 
ments of motion and a high response frequency. And when 
compared to conventional screw mechanisms, they provide a 
predictable operating life which is much longer, require much less 
maintenance and give more trouble-free operation. 


Basic design application ana’‘ysis 

Bristol Siddeley engineers make an exhaustive analysis of each 
specification. And each unit is specially designed for its particular 
application. The ball screws are made automatically reversible or 
with controlled ‘“‘no-back,” with multiple or single circuits. Bristol 





Siddeley pre-loaded ball screws have been proved as the most 
efficient method of converting rotary into linear thrust in over 
2,700 engineering applications in many branches of industry. They 
have been designed already with rated operating load capacities of 
370,000 Ib (825,000 lb maximum static load) but the maximum 
potential operating load is, in most cases, limited only by the 
requirement. 





Bristo! Siddeley ball ep'ixres have been developed to 
eliminate the disadvantages of conventional splines. The 
designs are very effective in minimising friction, particularly 
when high torsional and bending loads are imposed during 


linear movement. 











*Complete technical and manufacturing co-operation with Beaver Pre- 


cision Products Inc, Detroit. 

For further information please write to J. B. Starky, Sales 
Manager (Ball Screw Division), Bristol Siddeley Engines Limited, 
PO Box 17, Coventry, England. 


' BRISTOL SIDDELEY ENGINES LIMITED 
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INTERAVIA 


Am ferrER 


New companies, participations, agencies 


Aero Space International is a new company 
set up in Paris to assist U.S. companies 
engaged in aeronautics and space research 
and to organize the cooperation of top 
European scientists under contractual agree- 
ment. The company will establish and 
develop contracts between members of State 
or private institutions and companies or 
individuals, will act as a centre of informa- 
tion between the USA and Europe, and will 
undertake highly specialized studies on spe- 
cific subjects. It is represented in the United 
States by Mare Wood International Ine., 
New York. 

e 


Compagnie Belge d’Electronique et d’Auto- 
mation (COBELDA) has been established at 
Brussels-Gosselies by Hughes Aircraft and 
the Belgian company SABCA,. The new 
company will handle the maintenance and 
manufacture of advanced electronic pro- 


ducts. 
= 


Marelli Lenkurt S.p.A. is the name of a new 
company formed in Milan, with a 51 percent 
holding by General Telephone and Electric 
International and 49 percent by Magneti 
Marelli. The company will manufacture all 
types of radio transmission, multiplex and 
carrier equipment. 

« 


Texas Instruments Ine. is establishing a new 
subsidiary company, to be known as Texas 
Instruments France, to manufacture semi- 
conductor devices and components for the 
European Common Market. The company is 
studying various sites near Nice and intends 
to purchase land and construct a modern 
plant. Meanwhile, initial manufacturing will 
be carried on in leased quarters in Nice. 
The new subsidiary will manufacture a full 
line of silicon and germanium transistors, 
silicon diodes and rectifiers. 

o 


Pye Ltd., one of the United Kingdom’s 
leading electronics groups, has purchased a 
factory at Inverigo, near Milan, and plans to 
transfer the bulk of its export production to 
Italy. Although the immediate concern 
is with domestic equipment, the Pye Chair- 
man has said that his company plans to 
manufacture in Italy all the items currently 
sold under the Pye trade mark; these will 
include communications equipment and spe- 
cialist radio and telephone equipment. Main 
reason for the move to Italy is to establish a 
foothold in the European Common Market 


area, 
* 


United Aircraft Corporation has acquired a 
20 percent interest in two French companies, 
Precilec, an electronic manufacturer in Paris, 
and Somalee, an affiliated engineering com- 
pany. Precilec, already holding Norden Divi- 
sion licence production rights, now gets 
exclusive rights for the European Common 
Market. United Aircraft already has interests 
in the French SNECMA company, Weser 
Flugzeugbau in West Germany, and Italian 
electronics manufacturer Microtecnica 8.p.A. 





* Interavia Air Letter is a daily international news 
digest published in English, French (“Courrier Aérien”) 
and German (“Luft-Post”). All rights reserved. 


General Precision Equipment Corporation has 
appointed Mitsubishi Shoji Kaisha Limited 
as its distributor in Japan for products of 
G.P. subsidiaries. Mitsubishi will handle the 
sale of airborne navigation equipment, gyro- 
scopes, microwave components, radar test 
equipment, electronic computers and similar 
equipment. 

® 


Aero Design & Engineering Company has 
changed its name to Aero Commander Ine. 
The company continues as a wholly owned 
subsidiary of Rockwell-Standard Corpora- 
tion, of Coraopolis, Pa. 


New contracts for industry 


The National Aeronautics and Space Admi- 
nistration is negotiating a $23 million con- 
tract with Grumman Aircraft Engineering 
Corporation for the design, development and 
construction of a 3,200-lb Orbiting Astro- 
nomical Observatory. Grumman’s proposal, 
one of eleven submitted to NASA last July, 
calls for an eight-sided satellite measuring 
9.5 ft in height and 6.5 ft in diameter. The 
first will be launched late in 1963 into a 
500-mile circular orbit aboard an Atlas- 
Agena B rocket vehicle. Grumman will build 
two OAO space platforms to gather cosmic 
information in the X-ray, ultra-violet and 
infra-red portions of the spectrum which is 
obscured by the earth’s atmosphere. 

* 


MeDonnell Aircraft Corporation has received 
new Navy and Air Force contracts totalling 
$134,655,236 in value. The Navy’s share is 
a $108,956,520 follow-on contract for ad- 
ditional F4H Phantom II fighters for 
delivery through 1962. This brings the total 
amount committed for the F4H up to 
$368,896,623. The Air Force’s order includes 
$24,157,484 for Quail missiles and $1,541,232 
for F-101 Voodoo spares. 

ca 


General Electric Company’s Large Jet Engine 
Department has received a $58,335,000 Air 
Force contract for continued production of 
the J79-8 engines for the McDonnell F4H 
Phantom II and the North American A3J 
Vigilante. Deliveries will be made in 1961 
and 1962. This follow a $21 million contract 
for J79 engines for the same aircraft handed 
out in mid-August. 

« 


Douglas Aireraft has booked a $71.5 million 
U.S. Navy contract for continued production 
of the A4D-2N Skyhawk light attack aircraft 
at El Segundo, California. This is the fourth 
production award for the Skyhawk and brings 
the total value of contracts for this aircraft 
to approximately $232 million. 


Northrop Corporation has received a U.S. Air 
Force letter contract for the production of a 
further 144 T-38A Talon supersonic jet 
trainers, bringing the total now on order to 
213. Production rate at Northrop’s Norair 
Division will be increased from ten to twelve 
aircraft per month to meet the new commit- 
ment. 


Sikorsky Aircraft Division of United Aircraft 
Corporation has received contracts totalling 
over $23 million for 8-58 helicopters. A 
Marine Corps order for approximately $19 
million covers HUS-1 troop and cargo 
helicopters for delivery to helicopter trans- 
port squadrons during 1962. Finally, a 
$4,688,319 Navy contract covers HSS-IN 
helicopters for anti-submarine duties for 
delivery during 1961. 

* 


Kaman Aircraft Corporation has received a 
$21 million contract from the U.S. Navy for 
production of HU2K Seasprite utility heli- 
copters (General Electric T58 engine). 
Deliveries will begin in 1962. Fitted with 
advanced navigational and electronic equip- 
ment, the Kaman helicopters will be used 
for anti-submarine tasks and will operate 
from a wide range of Navy vessels. 

e 


Britain’s Ministry of Aviation has now placed 
a contract with British Aircraft Corporation 
for a pre-production batch of TSR.2 tactical 
strike and reconnaissance aircraft to enter 
squadron service with the RAF in 1965. 
The initial order is believed to cover less than 
a dozen aircraft, and the first is expected to 
fly in about the spring of 1963. Construe- 
tional work has already started, and design 
and production will be shared equally be- 
tween Vickers-Armstrongs and English Elec- 
tric. The U.S. Defense Department is still 
studying a possible requirement for the 
TSR.2 weapons system, and Secretary of the 
Air Force Dudley Sharp has asked to be kept 
informed of progress made. 

e 


Western Electric Company and Bell Tele- 
phone Laboratories (both subsidiaries of 
American Telephone and Telegraph Cor- 
poration) have received a $199,125,000 Army 
contract for research and development work 
on the Nike-Zeus anti-missile missile. The 
contract covers installation and testing at 
Whippany and at White Sands Proving 
Grounds in New Mexico. 

e 


The Raytheon Company has received con- 
tracts totalling $29,597,725 for continued 
production and engineering service on the 
Hawk missile system. 


Other industry activities 


Boeing Airplane Company’s IM-99B Bomare 
surface-to-air missile has been officially 
accepted by the U.S. Air Force for quantity 
production, and the Air Force can now 
release $294 million appropriated by Con- 
gress for this weapon. Approximately $50 
million of the total will be used for continued 
research and development. Five squadrons 
of an estimated 40 missiles each will be 
deployed in the United States and Canada, a 
sharp reduction in the original number of 
squadrons planned. 

e 


The U.S. Army reports development of a 
68-lb rocket-powered ejection seat for emer- 
gency escape from VTOL aircraft while 
operating at low altitudes. The seat, equipped 
with an automatic quick-opening parachute, 
weighs only half as much as similar units 
now in use. Contractor is North American 
Aviation, Ine., of Columbus, Ohio. 

. 


Ateliers d’Aviation Louis Breguet is carrying 
out a design study on a 22,000-lb light 
transport within the 941/942 family of 
blown-wing aircraft. The design is designated 
Breguet 945 and has four propellers driven by 
two Turboméca Turmo IIIBs. Payload will 
be in the order of 3,300 lb, range 950 miles 
and speed 250 m.p.h. The 945 will have 
capability for short take-off and landing 
from high-altitude or tropical runways with 
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a length of under 985 ft. Radius of turn 
under 200 ft at a speed of 60 knots. 
s 


The French Government is sponsoring 
SNECMA development of the Pratt & 
Whitney JTF10 small axial-flow dual-com- 
pressor turbofan engine. Thrust is to be 
increased, and weight reduced to meet 
NATO 8/VTOL applications. 


Airlines and airports 


The IATA Joint Traffic Conferences meeting 
in Cannes terminated in mid-October with 
no major decisions being taken to affect the 
present position. A decision to hold the Joint 
Traffic Conferences every second year in 
future is read as an indication of the stability 
achieved in the fares situation. Agreement 
was, however, reached on reduced tariffs to 
be applied to Pacific routes and the introduc- 
tion of economy class between North and 
South America. A special conference on 
freight rates will be held in Paris beginning 
on January 24th, 1961. 

& 


Aeroflot, the Soviet Union’s national carrier, 
reports steady and impressive increases in 
traffic over recent years. In 1959 revenue 
tonne-km increased by 29 percent, passenger 
volume by 48.5 percent, freight by 28.9 
percent and mail by 11.3 percent, compared 
with the previous year. About half of the 
total traffic is carried in twin-engine aircraft 
on domestic services. Operating costs have 
been reduced by 15 to 20 percent, and cuts 
in passenger, freight and mail rates have 
brought new traffic. 

Aeroflot now operates jet aircraft on 65 
national and 20 international routes. In 1959 
jet aircraft carried 30 percent of the total 
traffic, compared with 17 percent in 1958, 
while in 1960 the figure is up to 60 percent. 


The Transports Aériens Intercontinentaux 
Board has appointed General Georges Fayet 
as President, in succession to the late Paul 
Bernard. 

* 


The Iraqi Ministry of Communications has 
invited tenders for the construction of an 
international airport on a site at Qasr-el- 
Meleh, about 20 km west of Baghdad. The 
work involved will include a 9,800-ft by 
150-ft runway, a main taxiway, exit taxiways 
and aprons, secondary access roads, com- 
plete airfield lighting installation, water and 
fire mains and a complete sewage system. 


Berlin-Schénefeld Airport’s new 11,810-ft jet 
runway was completed at the end of Sep- 
tember, and work on the taxiways and 
parking areas is scheduled for completion in 
November. Construction work is also due to 
begin in 1961 on a new passenger terminal 
in the northern area of the airfield, three 
miles nearer the city than the present 
southern building. The airport is also to have 
a fast motor road and electric railway con- 
nections with the city. 


First flights, certification tests 


The twin-turbine Vertol 107 helicopter has 
been undergoing FAA certification tests, 
and production is under way on the first of 
ten Model IIs ordered by New York Airways, 
with delivery scheduled for next April 
onwards. The last of the ten will be handed 
over in July 1961. Meanwhile, the fuselage 
of a permanent metal mockup of the Model II 
is virtually complete. 

= 


The first Convair 880-M began flight testing 
at the beginning of October. The 880-M 
version is designed especially for short and 
medium-range routes with shorter take-off 
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and landing distances. It has the following 
optional features which can be fitted to meet 
specific airline requirements: power-boosted 
rudder, General Electric CJ-805-3B engines 
of 11,650 lb thrust, four leading edge slats 
between the engine pods and outboard of 
the engines. It is also designed to take addi- 
tional fuel in three of the five bays in the 
outer section of the wing. 

« 


The Lockheed Super 26 executive transport, a 
modification of the twin-engine B-26, has 
been granted its FAA certificate. Modifica- 
tion work, which includes fitting of a pressure 
cabin, was carried out by Lockheed Aircraft 
Services at its Ontario, California, plant, 
under contract to Mesa Machine Company, 
of Pittsburgh, Pennsylvania. 

«& 


A prototype of the Hindustan Aircraft HF-24 
supersonic fighter is to begin tests in Feb- 
ruary 1961, say Indian sources. The aircraft 
will not at this time be fitted with the Bristol 
Siddeley Orpheus BOr.12 engines planned 
for the production version, but will be 
powered by an earlier version of the Orpheus. 
The Indian Government is advocating an 
acceleration in the HF-24 programme and 
wishes production to begin in 1961. 

* 


The Klemm KI 107D four-seat sports and 
touring aircraft (one 180 h.p. Lycoming 
engine) built by Bdélkow-Apparatebau 
GmbH, made its first flight on October 
10th, 1960. Delivery of the production 
model will begin in early 1961. 


Research rockets, experimental 
aircraft, rocket motors 


Project Vela is the name given to a U.S. Air 
Force programme to develop methods of 
detecting and identifying nuclear explosions. 
Under this programme, Texas Instruments 
Inc. has been awarded a contract to develop 
multiple arrays of seismic sensors and data 
processing equipment. 

® 


A new research space vehicle that can be 
launched from Navy carrier-based fighters 
is being developed at the U.S. Naval Ord- 
nance Test Station, China Lake, California. 
The four-stage solid-propellant rocket is 
called Caleb, is designed for projecting probes 
horizontally, but can also be fired vertically 
for high-altitude studies. Caleb also has 
potential capabilities for orbiting small 
payloads. It can be used with various 
booster configurations with one, two, three 
or four stages of propulsion. Finally, it can 
be carried on standard bomb racks on such 
aircraft as the F4H Phantom II or F4D 
Skyray. Length 16.5 ft, diameter 2 ft, weight 
at launch 3,000 lb. 

~ 


Aerolab ARGO E-5 is the designation of a 
new sounding rocket produced by Aerolab 
Development Company, of Pasadena, Cali- 
fornia, a subsidiary of Ryan Aeronautical 
Company. The five-stage research vehicle is 
designed to reach altitudes of more than 
1,000 miles. 

eB 


The eighth launch in the U.S. Air Force’s 
Phoenix programme took place at Point 
Arguello, California, on October 12th, when a 
two-stage solid-propellant missile reached an 
altitude of 200 miles before falling into the 
Pacific Ocean 100 miles downrange. The 
Phoenix programme is being conducted for 
the U.S. Air Force by the University of 
Maryland and is designed to measure 
electron density and various types of radia- 
tion at high altitude. 

a 


The National Aeronautics and Space Admin- 
istration is conducting a series of tests 


designed to investigate the nature of the 
Van Allen belts, using NERV (Nuclear 
Emulsion Recovery Vehicle) payloads boost- 
ed by four-stage solid-propellant Argo D-8 
sounding rockets. NERV was designed and 
developed by General Electric Company’s 
Missile and Space Vehicle Department, of 
Philadelphia, Pa. The launch vehicle is 
manufactured by Aerolab Development Cor- 
poration, of Pasadena, California; the first 
stage motor is produced by Thiokol Chemical 
Corporation, the second and third by Grand 
Central Rocket Company, and the fourth by 
Allegany Ballistics Laboratories, a division 
of Hercules Powder Company. 

« 


The North American X-15 with the Thiokol- 
Reaction Motors XLR-99-RM-1 rocket motor 
may have made its first flight by the time 
these lines appear in print. The 60,000-lb 
thrust engine is still in the research and 
development phase, and the higher-powered 
X-15 will be tested gradually over a period 
of months through the entire performance 
range to verify and qualify the motor. The 
first X-15, fitted with two XLR-11 rocket 
motors, is being used to train four back-up 
pilots; the second carries the new motor, 
and a third is being completed at North 
American’s Inglewood plant; it will also have 
the XLR-99 engine. 

* 


Piasecki Aircraft has been granted a U.S. 
patent covering the design of the Piasecki 
S/VTOL “Ring-Wing”’ aircraft and its so- 
called integrated propulsion and lift systems 
(an integrated propulsion, lifting and pro- 
peller slipstream deflecting unit). The design 
incorporates propellers mounted within two 
circular wings; each ring-wing is fitted with 
an arrangement of flaps and vanes that can 
be lowered to deflect the propeller slipstream 
downward, if short or vertical take-offs and 
landings are required. 

Piasecki has built a powered wind-tunnel 
model of the aircraft under contract to the 
Navy Bureau of Aeronautics. This model 
has undergone considerable testing at the 
Navy’s David Taylor Model Basin wind 
tunnel in Washington. Data obtained from 
the ring-wing tests have made important 
contributions to the development of the 
Piasecki aerial jeep, the Sky-Car 1, which 
was flown in 1958 under an Army contract, 
as well as the Sky-Car II now being built 
by the company. 

* 


Bell Aerosystems Company has developed, 
under contract to NASA, a new rocket engine 
using fluorine and hydrogen as propellants. 
The feasibility of employing fluorine as an 
oxidizer has been demonstrated in more than 
600 static tests conducted over the past four 
years. In 300 of the firings, hydrazine and 
hydrazine blends were used as fuel, while in 
the remainder liquid hydrogen and ammonia 
filled this role. During the course of its work 
Bell Aerosystems has also developed a high- 
speed fluorine-hydrogen turbo-pump with 
large output capacity and high discharge 
pressures, 

& 


The U.S. Government plans to make rockets 
and launching facilities available to private 
industry interested in developing a global 
communications network utilizing passive 
and active satellites. At least two firms are 
interested in satellites for long-distance 
communications. American Telephone and 
Telegraph has disclosed plans for a $170 mil- 
lion programme calling for 50 satellites 
(probably both active and passive) to be 
placed in random orbits about 3,000 miles in 
space; AT&T says it plans to cooperate and 
share costs with other countries interested in 
the programme. International Telephone 
and Telegraph Corporation is also interested 
in a commercial application. Both firms 
have served as major contractors on NASA 
and Air Force communication satellite pro- 
grammes. Continued on page 1326 








Emergencies demand reliability 


42 Commando, Royal Marines, is part of the comple- 
ment of H.M.S. Bulwark—the Royal Navy’s first 
Commando carrier. It is Bulwark’s task to rush rapidly 
a 9 deployable forces to spots where trouble threatens. 
ae To The Westland Whirlwind helicopters of this fast-strik- 
ing Commando are powered by ALVIS Leonides 

Major engines. 


ALN Sic ine ta ee 


ALVIS LIMITED - COVENTRY ~« ENGLAND 
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The AMPEX AR-200 
is an analogue magnetic tape 
recorder for airborne or mobile use. 
A completely integrated system, it 
occupies just 1.6 cubic feet of 
space and weighs only 95 pounds. 
The AR-200 performs reliably 
from —54°C. to +71°C., at 
altitudes to 100,000 feet, and will 
withstand 15g shocks and 10g 
vibration. Electronics are all 
solid state, and the recorder 
operates on 28 volts DC. Converters 
are available for use with other power 
sources. Standard speeds are 1%, 
3%, 7¥2, 15, 30 and 60 inches per 
second. The AR-200 can be used for 
direct, FM-carrier, PDM or digital 
recording. Models are available 
for up to 14 analogue tracks 
or 16 digital tracks. |. R. |. G. 
compatible at no extra cost. For 
specifications write to Ampex Great 
Britain Limited, Arkwright Road, 
Reading, Berks., England. 





INTERAVIA AIR LETTER Reports... 


(Continued from page 1324) 


Projects — New Aircraft; Engines 


Hiller, one of the few U.S. helicopter manufacturers which have not 
yet made large-scale use of turbine powerplants, has been making 
a series of studies with a view to fitting shaft turbines to existing 
helicopter airframes adapted for the purpose. Among the possibil- 
ities being investigated is the installation of a Boeing T60 shaft 
turbine in a U.S. Army H-23 helicopter. Further shaft turbines 
under consideration are the Allison T63, the Continental 217 and 
the Canadian Pratt & Whitney PT-6 (T74). 

® 


A prototype of the FBA-2A light bush transport built by Found 
Brothers Aviation Ltd. of Malton, Ontario, is undergoing flight 
tests. It has a four- to five-passenger layout, but can also be used 
to transport freight. Powerplant : one 250 h.p. Lycoming O0-540-A1D. 

e 


Vickers is reported to have worked out plans for the development of 
a “stretched” Super VC.10. The fuselage length would be increased 
by 10 ft, and the aircraft would be able to carry up to 222 passen- 
gers. It would be powered by four developed Conway by-pass 
engines. Range with full payload would be over 4,000 nautical 
miles. Two unspecified European airlines are said to be interested 
in this version of the Super VC.10. 

* 


General Electric’s Rocket Engine Section has been awarded con- 
tracts totalling more than $ 1 million for research and development 
work on the plug nozzle rocket motor concept, by which varying 
thrust requirements can be met by changing the number of cham- 
bers around a central thrust cone. General Electric will investigate 
improved methods of controlling the force and direction of solid- 
propellant rocket thrust and evaluate various configurations of the 
basie plug nozzle idea for liquid and solid rockets. 

* 


North American’s first production T-39 Sabreliner has made a 
1,820 mile non-stop test flight. During the flight, the T-39 cruised 
at 540 m.p.h., thus considerably bettering the design cruise speed 
of 500 m.p.h. The flight was made at an average altitude of 
45,000 ft. The U.S. Air Force has ordered an additional 52 Sabre- 
liners, thus bringing current production orders to 94 aircraft. 


Delivery of the new 1961 Piper Comanche will start this month. 
The 1961 Comanche is offered in four models—Standard, Custom, 
Super Custom and AutoFlite with either a Lycoming O-360-A 
(180 h.p.) or a Lycoming O-540-A1A5 (250 h.p.). A new feature 
of the 1961 Comanche will be the Piper Alti Matic autopilot (as 
optional equipment) ; in addition, the aircraft is available with 
90 U.S. gallons fuel capacity, an increase of 30 gallons over previous 
models. This gives an endurance of over six hours at maximum 
cruise speed of 181 m.p.h. Gross weight of the 250 h.p. version is 
2,900 lb, of the 180 h.p. version 2,550 Ib. 


Equipment and Accessories 


Tests on automatic blind landing systems will be carried out at 
Hanover-Langenhagen Airport during the coming winter, with the 
aim of working out proposals for a standardized international 
system. The tests are being supervised by the Blind Landing 
Working Group (Arbeitskreis Blindlandung). Two systems have 
been selected for thorough investigation and practical testing : the 
British Autcland system (Smiths) and the American Bell system. 
A Noratlas and several helicopters are being used for the tests. 


Baird-Atomie Inc. has delivered the first of a series of infra-red 
surveillance satellite payloads to the Missiles and Space Division 
of Lockheed Aircraft Corporation, which is prime contractor for 
the Air Force Midas programme. The Baird-Atomic payloads 
incorporate a number of advances in optics, infra-red detectors, 
transistorized electronics and mechanical engineering. 

& 


Ling-Temeo Electronics Inc. is welding and machining a new 
columbium (niobium) alloy, F-48, at its Temco missiles plant, in 
connection with the Air Force Refractory Metals Structural 
Development Program, which involves fabrication and testing of a 
structural component under simulated re-entry environments. 
McDonnell Aircraft Corporation holds the prime contract for the 
programme, and Hughes Tool Co. and General Electric Co. are also 
members of the team. 




















The AMPEX FR-100B is a high performance 
instrumentation magnetic tape recorder suitable for a wide variety of 
industrial and scientific applications. In manufacturing it is used extensively 
in both machine tool and process programming. In research it will record 
such diverse things as the thrust measurements of a jet engine, cosmic ray 
counts from a satellite, or vibration data developed in testing a 
new car body. This information can be recorded by direct techniques, on 
an FM carrier, by pulse duration modulation, or through NRZ 
digital techniques. It is capable of recording up to 14 analogue or 16 digital 
tracks, operates at any of 6 standard speeds from 1% to 60 inches per 
second...can be modified for other speed combinations. And, depending on 
the system used, it will record from a direct current signal up to 100 
kilocycles, +3 db. The FR-100B will also reproduce tapes it has recorded, or 
those made on similar Ampex machines. |.R.|.G. compatible at no extra 
cost. For complete information on this remarkable recorder write to 
Ampex Great Britain Limited, Arkwright Road, Reading, Berks., England. 
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DATA HANDLING 
Civil and Military 
Digital and 
Analogue Systems 


STORM WARNING RADAR 

The Marconi SNW 51 is designed to present accurate pictures 
of storms and rain producing clouds over ranges up to 200 n. 
miles. It meets the needs of Meteorological Departments and 
Civil Aviation Authorities, particularly where data gathering 
from distant recording posts is uneconomic or hampered by 
inaccessibility. It is used by the British Ministry of Aviation 
and in Australia, Southern Rhodesia, British East Africa and 
China. Its main features include: (i) Full off centring on dis- 
plays; (ii) controlled camera recording facility; (iii) remotely 
controlled tiltable aerial; (iv) Iso-echo presentation. 


LONG RANGE 
HEIGHT FINDER 


The Marconi S244 is the most 
advance and accurate height 
finder in the world. In 
conjunction with the Marconi 
control system it can handle 
15 random targets per minute. 
Height references are 

related to.a shock mounted 
artificial horizon which 
overcomes the instabilities 
inherent in all large 
supporting structures and 
gives the greatest known 
accuracy. The equipment 
operates satisfactorily in 

all weathers and climates 
from Arctic snows to 

tropical monsoon 
precipitation. It may be 
‘radomed’ for 

protection but will 

withstand wind speeds 

up to 120 knots 

without ‘radoming’. 
































AIR TRAFFIC CONTROL SYSTEMS 


The Marconi $264A 50cm. radar is the most 
advanced air traffic control radar in the world. It 
will operate anywhere, including mountainous 
country, in all weather conditions. It is designed 
for the control of jet aircraft from take-off to 150 
miles plus, combining the three roles of Air- 
field Control, Terminal Area Control and 
Long Range Airways Surveillance. Several 
versions are now available to suit varied cir- 
cumstances and continuous research is being 
devoted to ensure continued progress 
and development of Marconi 50 cm. radars. 
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LONG RANGE SURVEILLANCE RADAR 


This versatile radar can be adapted to a diversity of applications. 
The Moving Target Indicator eliminates the echoes from 
stationary objects. Distortion of the reflector profile is prevented 
by the main member being a 6’ 8” diameter tube, thus giving 
increased accuracy over a longer life. A unique mechanical 
design feature ensures that the turning gear is unaffected by 
slight subsidence of the site. Like the $244 the equipment is 
‘all weather’ and ‘all climate’ and will withstand wind speeds 
up to 120 knots without ‘radoming’. 


Marconi’s offer a complete consultancy and engineering 
service in the installation of radar systems. All Marconi 
radars and data handling equipment have been de- 
signed for integration into the most advanced air traffic 
control and defence systems at present in operation or 
contemplated in the foreseeable future. Marconi radar 


is in constant use in 36 countries. 


MARCONI 


Complete Civil and Military 
Radar Systems 





SURVEYED - PLANNED - INSTALLED - MAINTAINED 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED 
CHELMSFORD « ESSEX » ENGLAND 
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SURVEILLANCE RADAR ELEMENT 


To match the increasing use of jet aircraft and the growing density 
of air traffic, a higher standard of safety precautions is required 
at airports. PHILIPS long-range Air Route Surveillance radar and 
Approach Control radar have been specially developed to meet this 
demand for safe and flexible air traffic control under any circumstances. 
The utmost reliability is ensured by using high quality components 
and transistorized circuits. Logical ‘unit’ construction and many other 
features permit the formation of radar systems meeting all the 
special requirements of any airfield. Surveillance Radar Element : 


another dependable system in the PHILIPS radar programme. 


PHILIPS’ long-range Air-Route Surveillance radar at Schiphol Airport, Amsterdam 





i tf ‘ Li i Ss N.V. PHILIPS’ TELECOMMUNICATIE INDUSTRIE, HILVERSUM, THE NETHERLANDS 





At high speeds, at high altitudes, U.S. Air Force pilots will learn to fly today’s high-performance 
aircraft in twin-engined T-38 TALON supersonic trainers. The U.S. Air Force has already 


ordered 213 Northrop TALONS and more are programmed. y Oo RTH ROP 


Northrop Corporation, Beverly Hills, California, U.S.A. 





AND DE HAVILLAND 


DURABILITY 


CIBA (A.R.L.) LIMITED, DUXFORD, CAMBRIDGE. TELEPHONE: SAWSTON 2121 









Over five hundred 





de Havilland Doves 
have been built since 1946 
and they are flying under the flags 
of forty-five countries. 
The original prototype is still in service 

in the Cape Verde Islands; the first 

production Dove is based at New York. 
Redux adhesives are used for all 


main structures of Dove aircraft 





and no instance of bond failure 


has ever been recorded. | 





During the past seventeen 

years, Hornets and Sea Mosquitos, 
Doves, Herons, Sea Vixens and Comets 

have all been designed for 
Redux bonding which has now 
been used in the 
construction of over seventy types 
of aircraft. May we 
add your name 


to our mailing list? 










needs no servicing 


metal bonding 








Redux is a registered trade name 


AP 535 














ALL WE CAN 
OFFER THE 
AIR CARGO 


INDUSTRY IS A 


PRACTICAL WAY ) 
TO MAKE MONEY: 


CANADAIR CAN PROVE TO YOU THAT: 


YOUR piston powered passenger carrying aircraft 
now rendered obsolete by new equipment, and 
being considered for use in cargo operations, or 
already actually converted can be completely 
removed from fleet inventory and written down to 
zero book value in three years; 


ONE THIRD the number of Canadair Forty Fours 
will carry out your cargo requirements at such a 
profit that they will absorb all expenses incurred 
in the retirement transaction, plus any earnings 
your piston engine aircraft would have realized 
during these three years; 


AFTER THESE THREE YEARS, the Forty Four operat- 
ing profit curve will climb steeply. The difference 
in profit potential for the following years is sub- 
stantial. 





Any consideration of a specific example requires certain 
assumptions regarding scheduling, future rates, and load 
factors, but, under a representative set of conditions 
our analysis indicates: —that a fleet of 25 piston powered 
aircraft currently being converted into cargo carriers, 
could be replaced and retired by a fleet of 8 Forty 
Fours. The above assumptions and statements are 
based on the unlikely premise that cargo rates will 
remain at present levels. If they are reduced, as seems 
inevitable, the situation will favor the Forty Four even 
more strongly. 


THE FORTY FOUR. The Canadair Forty Four, 
with its combination of low direct operating costs, high 
block speeds and large payload capacity, is the world’s 
most economical cargo aircraft. Delivery schedules can 
be arranged to introduce the Forty Four into airline 
service fourteen months from contract agreement. 


CANADAIIP iumiteo, montreat, canadian sussioarYor GENERAL DYNAMICS 


Please address enquiries to European Representative: John Winterburgh, Canadair Ltd., Princes House, 190 Piccadilly, 
London W. 1, England 


1333 














1334 


SENSORS 





a 
DOPPLERS 


Astro doppler 
Passive doppler 
Active doppler 


STAR TRACKER 





OPTICS 


Star trackers 
Auto sextants 
Horizon scanner 


INERTIAL PLATFORMS 


Floated rate gyros 
Accelerometers 














TODAYS 
DEMONSTRATED 
ACHIEVEMENTS 


SHAPE 
TOMORROW 


MICROWAVE 


“ar INERTIAI 


INFRARED 


aot 


GENERAL PRECISION, INC. 


Experience and demonstrated achievement with sensing techniques and devices is one way 
to judge those who aid you in the fulfillment of your project requirements. General 
Precision’s Divisions provide sensors for Subroc, Polaris, Atlas and Talos; optical devices, 
star trackers, automatic sextants and self-contained doppler radar systems to many major 
military projects. g Bringing tomorrow in view are General Precision’s engineers working 
on advanced sensor developments. Cryogenic inertial platforms, nuclear gyroscopes, wide 
angle sextants, discriminating star trackers, optical masers, infrared systems and passive 
doppler systems. These projects with their technological advancements will help shape 
tomorrow. m General Precision’s Divisions . .. GPL, Kearfott, Librascope and Link . . . 
represent the combined capabilities of over 15,000 qualified personnel, occupying over 
2 million square feet of laboratory and production facilities. Write for the Facilities and 
Capabilities Brochure. Learn how General Precision can help you solve your most chal- 
lenging system design and development problems. GENERAL PRECISION, INC., 92 Gold Street, 
New York 38, N.Y. Affiliates and Licensees in Canada, France, Italy, Japan, U.K., W. Germany. 
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GPL 
KEARFOTT 
LIBRASCOPE 


LINK 
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Douglas is 
construction 
foreman on 

the longest road 
in the universe 


New device allows pilot to drive 
down a visual highway to his destination, 
even through densest fog 


Now being perfected under U. S. 
Government auspices is a remarkable 
control panel design for aircraft, which 
can also be adapted to other vehicles. 


The unit, fed by a computer which can 
make a quarter of a billion calculations 
per second, projects a symbolic highway on a 
transparent TV screen in front of 
the pilot. This ‘“‘pathway in the sky’”’ 
guides him unerringly to his exact 
destination, keeping him on course and at 
correct speeds even when visibility is zero. 


The choice of Douglas to lead the U. S. 
industrial team working on this project 
was a gratifying tribute to the company’s 
wide experience in all phases of aviation 
and avionics. This background is also 
responsible for the fine performance of 
the world’s most advanced jetliner, the 
Douglas DC-8. 


Tomorrow or today, for the finest in air 
transportation, you can depend on Douglas. 


Simplified instruments outlining 
a visual path through the skies 
are just one phase of advanced 
Douglas research, ranging from 
missiles to space medicine. 


DOUGLAS 


BUILDERS OF THE DC-8 JETLINER 


MISSILE AND SPACE SYSTEMS e 
MILITARY AIRCRAFT © TRANSPORT AIRCRAFT e@ 
AIRCOMB® @© GROUND SUPPORT EQUIPMENT 
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What’s the secret of extra service life for wheels and brakes? 


First, consider this: Goodyear builds more airplane 
wheels than all other wheel manufacturers combined. 
And more aircraft, the world over, rely on Goodyear 
Aviation Brakes. Some famous new planes that are 
equipped with Goodyear Wheels and Brakes are: 
Grumman — A2F-1, W2F-1, YAO; North American — 
T2J ; Convair—B-58, 880; Republic—F-105 ; Lockheed — 
JETSTAR; Fairchild—F-27. 


What’s behind this overwhelming preference? 
The answer is Goodyear engineering leadership, dating 
back to 1909 when Goodyear built the first airplane 
wheel. It has produced wheels of the greatest strength 


AVIATION 
PRODUCTS 


* GOOD, 


and longest life per pound of metal. And it pioneered 
the famous Goodyear Disc Brake, which brought more 
efficient braking to scores of fields. 


The latest Goodyear advances include the Tri- 
Metallic Brake, and forged aluminum and magnesium 
wheels — all unmatched for dependability and weight- 
savings. 

Whatever the aircraft—the right wheel and brake 
combination is available from Goodyear, first choice for 
50 years! For full details, call the Goodyear Office near 
you or write to: Goodyear International Corporation, 
Aviation Products Division, Akron 16, Ohio, U.S.A. 


EAR 


MORE AIRMEN LAND ON GOODYEAR TIRES, WHEELS AND BRAKES THAN ON ANY OTHER MAKE 
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TRIPLE SCORPION an 
aircraft rocket engine which 
provides a source of extra 
power at all altitudes. 
Designed for sustained firing 
and long operational life. 


GAZELLE free turbine engine 

(1650 s.h.p.) powers the Westland 
Wessex and the Bristol 192. 
Now chosen to power the 
twin-engined Wiltshire. 


ELAND engines designed for the 
Fairey Rotodyne are basically the 
standard Eland with an auxiliary 
compressor mounted at the rear. 


ELAND propeller-turbine 
engine for new airliners and 
for the conversian of piston 
engined airliners. The Eland 
which powers the Canadair 
540 and Convair 540, is 
rated at 3,500 e.h.p. and is 
approved by British A.R.B. and 
American F.A.A. In service with the 
R.C.A.F. and Allegheny Airlines U.S.A. 


ELAND engines for the 
Westminster are installed 
horizontally on top of the 
fuselage with a mechanical 
drive to the rotor shaft. 


D.NAPIER &SON LIMITED, LONDON, W3. MEMBER OF THE ENGLISH ELECTRIC GROUP 
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MARCONI 





DESIGN FOR 


ELIA 


A new generation of 


AIRADIO EQUIPMENT 


Transistor Reliability 











Component Reliability 





- Environmental Reliability 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED - CHELMSFORD - ESSEX - ENGLAND 
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AD 160 AD 160 

V.H.F. communication system. V.H.F. communication system. 
V.H.F. Transmitter type 6400 V.H.F. Receiver type 6401 
(short ¢ ATR. 14 /bs.). (short 4 ATR. 8 /bs.). 











BILITY 
= 2S » 








AD 260 AD 260 AD 260 AD 260 

V.H.F. Navigation system. V.H.F. Navigation system. V.H.F. Navigation system. V.H F. Navigation system. 
V.H.F. Receiver type 6401 Navigation unit type 6402 Glide Slope Receiver type Marker Receiver type 6403 
(short '/« ATR. 8 Ibs.). (short + ATR. 9 Ibs.). 6404 (short 4 ATR. 6 /bs.). (dwarf short + ATR. 3 /bs.). 





AD 360 AD 308 

Automatic Direction Finder Radio Teleprinter Receiver. 
ADF Receiver type 6407 Receiver type 4486 

(short 4 ATR. 18 /bs.). (short t ATR. 9 Ibs.). 
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THE REPUBLIC 
Fess VTHIUWNDERCOCHIEF 


An aircraft of remarkable potentiality. 


Day or night, in any weather, at high or low altitude 
...and at speeds of Mach 2... . this one-man, highly 
automated fighter-bomber can accomplish, with unsur- 
passed accuracy, the missions usually assigned to three 
different aircraft. 


Small wonder that the Republic F-105 Thunderchief is 
called ''the world’s most powerful one-man airplane” 


REPUB & Aaviarionv 


FARMINGDALE, NEW YORK, U.S.A. 


CAnueoes amd Erato of the Frcragpatabl Vaeewanent-arere 
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Tires for demand: 


increased safety, better economy 
Kléber-Colombes offers you laminated tires 


These tires have a patented tread reinforced by superimposed layers of nylon cord fabrics 
incorporated in the rubber. This lamination increases the rigidity of the tread under 
compression and makes the structure more homogeneous. It resists premature destruc- 
tion through internal heat build up and avoids the risk of the tread stripping off at high 
speeds. Moreover, the wear is more uniform and the endurance is increased. 


Kléber-Colombes manufactures laminated tires 
for Caravelle - Boeing 707 - DC 8 


Kléeber-Colombes 


Aviation 


6, Avenue KLEBER + PARIS-16¢ 
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FIAT G 91 T 


BRISTOL SIDDELEY ORPHEUS 80302 JET 











The G91T landing on grass 





Fiat G 91 T — Bristol Siddeley Orpheus 80302 engine 

The jet trainer with all the characteristics of the G 91, NATO's single-seat lightweight strike fighter, for training pilots in 
supersonic flight via the intermediate stages of subsonic and transonic flight. 

Pilots trained on the G 91 T are ready for assignment to units immediately afterwards. 


A single aircraft serves both for advanced and operational training, and for combat 
purposes. 

Its similarity to the single-seat fighter makes it ideal not only for advanced and operational training, but also for actual opera- 
tion on ground support and armed reconnaissance missions. 


Principal characteristics Dimensions Performance | 


and performance figures wing span 28.24 ft speed transonic 
length 39.37 ft time-to-climb 


height 13.94 ft to 13,200 ft 4 min 30 sec 
to 26,400 ft 8 min 
Weight 11,770 1b range 680 n.m. 


FC COOHHOHOHOHOHOHOHHHHHHHHOHHHHHEOOLEEOOC OTM 
FIAT —DIVISIONE AVIAZIONE — Corso G. Agnelli 200 — TURIN (Italy) | 








Following a lengthy period of thorough 
evaluation, the Beaver was adopted by 
the British Army Air Corps in 1960. 


Designated the A.L.Mk.1, the Beaver 
was chosen primarily for light liaison, 
communication, casualty evacuation and 
re-supply missions. 


Because of its rugged dependability, 
generous load capacity and outstanding 
STOL performance the Beaver was the 
logical choice of the British Army for its 
exacting duties in many parts of the 
World. 





THE BEAVER - DESIGNED AND BUILT BY 


DE HAVILLAND AIRCRAFT OF CANADA 


DOWNSVIEW, ONTARIO 
MEMBER COMPANY of the HAWKER SIDDELEY GROUP 
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The chef comes along too 


on your Senator trip to South America with LUFTHANSA. At 15-20,000 feet above the earth 
he conjures forth for you the choicest dishes of an international cuisine. The Senator 
service, which has already delighted thousands on our North Atlantic route, will meet with 
your approval, too. You will find everything that can make a journey a pleasure: food and 


drink a la carte, delicious refreshments and a built-in social centre—a bar lounge in your 
LUFTHANSA aircraft. 


You will reach your destination fresh and rested. 





LUFTHANSA.. 
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Happy on 
the 
bottle 
for a 10 mile 


ee ao s¥[cxondcle Mur- | @mroloW0l0/0 Mn acum ial Comm- liam colomn (alia mnie) am ola-t-1dallale mmm ste) ea(-ve 
oxygen sees him through—British Oxygen. British Oxygen 
Aviation Services extend to the uppermost limits of the world. 
And on the ground to the ends of the earth. 
Consult us on every detail about emergency oxygen equip- 
ment. Oxygen systems. Crew equipment. Storage and 


ss dispensing methods. Servicing and supply anywhere in the 


world. New ideas developed from intensive research pr 
grammes are yours for the asking. 





BRITISH OXYGEN AVIATION SERVICES Bridgewater House © Cleveland Row © St. James’s © London S.W.1 BO 











The Mind of Mr. Reader 


Kneeling Aircraft 


Sir, 

The article “Converting Outdated Passenger Aircraft” in the 
August 1960 issue mentions Freddie Laker’s scheme for converting 
DC-4’s for use in the Air Charter Co., and that these converts may be 
called “Flying Camels.” 

Camels kneel to be unloaded and loaded. Why can’t aircraft do the 
same? The Messier Co. apparently agrees as per the article on the 
Transall C.160 in the September 1960 issue. 


The DC-4, “Connie,” ete. stand high in order to give clearance for 
their propellers, but when the aircraft and propellers are stationary, 
it should be possible to lower the aircraft some 4 feet by setting the 
propeller blades obliquely to the ground, and contracting the landing 
gear by means of some modification to permit a “semi-retracted” 
position. 

This would bring the aircraft floor to about truck-bed height and 
considerably ease the loading/unloading problem. 


Also in the September 1960 issue, casual mention is made on page 
1072 of a projected pure freight VC.10 (with swing nose?). This makes 
me wonder if Freddie Laker couldn’t achieve his ends by giving the 
DC-4 a swing nose (as opposed to the Canadair CL-44’s swing tail) and 
perhaps “kneeling” landing gear. 


Tel Aviv Roy Dinar 


The most surprising results, of course, can be obtained through good 
training. “Down, Connie! Down!” Ed. 


Conference fatigue 
Sir, 

Exhausted and vacation-ripe after a summer in which aeronautical, 
astronautical or other “nautical” congresses have sent me chasing 
from one end of Europe to the other, I am disappointed to see that you 
apparently do not consider my suggestion worth publishing. I am, of 
course, referring to the suggestion which I have already made to 
several of your editorial staff whom I have met on these occasions. 

Now I hope that by writing this letter, I can get my ideas into 
print in your journal. This is my suggestion once again: if all the dif- 
ferent national and international scientific societies and associations 
really cannot desist from organizing mammoth lecture sessions every 
year—sessions whose names are often confusingly similar—why could 
the locations and dates of congresses not be fixed in such a way that 
one could participate in them without wasting too much time or in- 
curring too heavy costs. I have noticed that at the many cocktail 
parties, receptions, steamer trips and banquets—and even sometimes 
at the lectures—one constantly runs into the same people. 


One of the newer branches of learning, known as Operations Re- 
search, deals among other things with so-called transport problems. 
A typical task here is, given a known poiut of departure and a known 
destination, so to organize the movement of persons or goods that 
transport costs or transport times are reduced to a minimum. It seems 
to me that the choice of congress locations and dates has been regarded 
as a similar transport problem ... but with opposite signs, namely in 
such a way that the result is the longest possible journey for the 
participants. Or is the whole thing perhaps a manceuvre to increase 
passenger volume for the airlines? 


Carrying my idea a step further, would it not be possible to arrange 
that all those congresses which in any case change their locations from 
year to year should be held in the same city in any given year and that 
they should directly follow one another in time? This would not only 
save an enormous amount of administrative and preparatory work— 
incidentally lecture halls are already in short supply owing to this 
inflation of congresses—but would also provide a welcome opportunity 
for tightening up the lecture programmes. At present, for example, not 
only are the same topics dealt with at several different conferences, but 
it can even happen that the same people read the same papers. 

Then, a notorious congress visitor such as myself would not have to 
change hotels a dozen times in two months or, as soon as he had 
learned a few vital expressions in one language, battle with taxi drivers 
in yet another. Finally, you yourselves would only need to release one 
of your staff for a few days in order to cover the whole list. 


I hope that the latter argument will remove any doubts you may 
have had as to the validity of my proposal. 


As I fear that the hotel trade and the airlines may put me on their 
black list for my remarks, you will understand that I must ask you to 
preserve my anonymity, should you decide to publish this letter. 


Munich L. M. 


We cannot altogether disagree with the arguments of this reader and 
would suggest—for fairly obvious reasons—that Geneva would be an ideal 
location for next year’s European congresses. Ed. 


An irritated taxpayer 
Sir, 

In the course of my professional duties, I make a point of reading 
your daily Interavia Air Letter regularly, and was struck in one of the 
recent issues by your account of the joint employer/employee con- 
ference on civil aviation organized in Geneva by the International 
Labour Organization. Basically, I occupy a neutral position on this 
question, since I do not belong to either category. But it did strike me 
that here again, as so often happens in international conferences, so 
much effort should have been expended for so little result. If some 100 
people are to be gathered together from 18 countries in three con- 
tinents, surely it would pay to prepare the negotiations sufficiently 
thoroughly beforehand so that some real progress can be achieved at 
the actual conference. 

The main topics for discussion covered general working conditions 
for flight crews. But the airlines appear to have declined to tackle the 
central questions raised. Instead agreement was ultimately reached on 
only a few secondary points. Had the conference been properly pre- 
pared, it should surely have been possible to foresee this outcome. 

If I remember correctly, a similar conference with the same pro- 
gramme was held as long ago as 1956, when the result was also virtually 
nil. I have, of course, no objection to the International Labour Organi- 
zation’s attempting to reconcile the viewpoints of airline employers 
and their personnel. But I do feel that there is a case for being some- 
what less open-handed with the taxpayer’s money. Items such as 
“employment of staff abroad and their repatriation,” or “request that 
ICAO should take working conditions into account in the study of 
technical and operational problems” could surely be agreed upon 
without a monster conference in Geneva. After all, the taxpayer’s 
money does not grow on trees. 


Bordeaux R. Lefébure 


No comment! — Ed. 


Polaris submarine list not secret 
Sir, 


In the last issue of Interavia (No. 9, 1960) there is an article by 
Scott Hershey (“Wall Street Watches the Missile Manufacturers”) 
which surprised me, as I do not understand why he says that “The 
Navy doesn’t say which of its submarines are equipped with Polaris 
missiles,” when everyone knows the names and the number of these 
submarines. 

I myself can enumerate them for you very quickly. They are five 
units of the George Washington class (displacement 5,600 tons; length 
380 ft; beam 32 ft; one type S5W engine); in detail, they are: the 
“George Washington” (launched on June 9th, 1959, commissioned on 
December 30th, 1959, now in fleet service; built at Groton, Conn.); the 
“Patrick Henry” (launched on September 22nd, 1959, commissioned 
in March 1960, now in fleet service; built at Groton, Conn.); the 
“Theodore Roosevelt” (launched on October 3rd, 1959, commissioned 
in June 1960, now in fleet service); the “Robert E. Lee” (launched on 
December 18th, 1959, being outfitted at Newport News, Va.); the 
“Abraham Lincoln” (launched in April 1960, now being outfitted at 
Portsmouth). The designations of these five submarines are SS(B)N- 
598, 599, 600, 601 and 602. 

Next there are seven of the Ethan Allen class (displacement 6,900 
tons; length 390 ft; beam 33 ft; one type S5W engine): the SS(B)N-608 
“Ethan Allen” (on the stocks at Groton, Conn., due for launching this 

year); the SS(B)N-609 “Sam Houston” (on the stocks at Newport 
News, Va.); the SS(B)N-610 “Thomas A. Edison” (on the stocks at 
Groton, Conn.); the SS(B)N-611 “John Marshall” (on the stocks at 
Newport News, Va.); and finally, the SS(B)N-616, 617 and 618, all of 
the same class and all armed with Polaris missiles, but simply “author- 
ized” at the moment. 
Milan Giampaolo Ferone 


Signor Ferone’s correction is accepted with thanks. Ed. 
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INTERNATIONAL 
MEETINGS AND CONFERENCES 


Oct. 25th-Nov. 2ist: ICAO Airworthiness 
Committee. Montreal. 

Nov. Ist-2nd: Radio Technical Commission 
for Aeronautics, Fall Meeting. Washing- 
ton, D.C, 

Nov. 2nd-4th: Tenth Aircraft Hydraulics 
Conference. Detroit, Mich. 

Noy. 4th-5th: Institute of Radio Engineers 
Symposium. Montreal. 

Noy. 8th-11th: Society of Die Casting Engin- 
eers, First National Die Casting Exposition 
and Congress. Detroit, Mich. 

Nov. 14th-16th: National Convention, Natio- 
nal Aeronautics Assn., Indio, Calif. 

Noy. 14th-18th: Flight Safety Foundation’s 
13th Annual International Air Safety 
Seminar, in cooperation with Aviation 
Crash Injury Research. Phoenix, Ariz. 
For FSF members and by invitation. 

Nov. 15th-16th: 12th Annual Mid-American 
Electronics Conference, Institute of Radio 
Engineers. Kansas City, Mo. 

Noy. 15th-17th: Air Force-Navy-Industry 
Propulsion Systems Lubricants Conference 
(unclassified). San Antonio, Tex. Cospon- 
sors: ARDC’s Wright Air Development 
Division; Southwest Research Institute. 

Nov. 15th-17th: Aviation Distributors and 
Manufacturers Association, 36th Meeting. 
Palm Springs, Calif. 

Nov. 21st-25th: Second Industrial Photo- 
graphic and Television Exhibition. Man- 
chester. 

Nov. 23rd: Society of Environmental Engin- 
eers, “Vibration testing and instrumenta- 
tion of large stores.” London. 

Dee. 5th-8th: 15th Annual Meeting and Astro- 
nautical Exposition, American Rocket 
Society. Washington, D.C. 

Dee. 5th-11th: World Airline Employees 
Convention. Las Vegas, Nev. 

Dec. 6th-8th: National Aviation Trades Asso- 
ciation, Annual Meeting. Oklahoma City. 

Dec. 13th-15th: Eastern Joint Computer 
Conference. New York. 

Dee. 17th: Wright Brothers Lecture. Wash- 
ington, D.C. 

Dec. 26th-31st: 127th Meeting, American 
Association for the Advancement of 
Science. New York, N.Y. 

Jan. 8th-12th: Joint Technical Society, 
Department of Defense, Symposium on 
Thermoelectric Energy Conversion. Wash- 
ington, D.C. 

Jan. 9th-13th: International Congress and 
Exposition, Society of Automotive En- 
gineers, Detroit, Mich. 

Jan. 21st: Society of Environmental Engin- 
eers, “Development of accelerated climatic 
tests.” London. 

Feb. 7th-9th: The Society of the Plastics 
Industry, 16th Reinforced Plastics Divi- 
sion Conference. Chicago, III. 

Feb. 15th: “The development and testing of 
small electronic components.” London. 
Mar. 16th-18th: Fifth National Conference 

on Aviation Education. Washington, D.C. 





Photo eredits: Front cover: USAF; pp. 1368-1369: 
Interavia drawing (1), Interavia files (1); 6 7 





Bureau (2), Interavia files (1); pp. 1884-1385: author; 
p. 1386: NASA (3), manufacturers (2); pp. 1388-1389: 
manufacturers (4), Interavia drawing (1); pp. 1395- 
1397: USAF (7), Tass (4), manufacturers (2); pp. 1402- 
1405: Howard Levy (9), manufacturers (3); pp. 1406- 
1408: Centrum Billed, Jens Bache, Copenhagen; 
pp. 1409-1410: Jacques E. Breton and Georges Th. 
Cozzika, Haras des Bréviaires, Le Perray (1), USAF 
(1), U.S. Army (1), manufacturers (5); pp. 1419-1421: 
manufacturers (15), Interavia (1); pp. 1422-1-¢ 
author; pp. 1428-1430: author (2), NASA (1 
versity of Manchester (2). 


1350 





The Air Force Association Convention 


The Convention of the Air Force Associa- 
tion, which opened at San Francisco on Sep- 
tember 21st, clarified some of the more inter- 
esting aspects of U.S. defence policy. Each 
year, the Convention is the scene of a mighty 
gathering of technicians, military personali- 
ties and all those responsible for the air policy 
of the most powerful nation of the free world. 
But this September’s meeting brought to light 
more strikingly than ever both the problems 
and the brilliant achievements of America’s 


technology. 


On the opening day of the Convention, 
Lieutenant General Roscoe C. Wilson, USAF 
Deputy Chief of Staff, Development, stressed 
that the deterrent policy would be continued, 
though America was fully aware that the in- 
vulnerability of her territory could no longer 
depend on her natural geographical position, 
but only on tremendous scientific and tech- 
nical effort. It would be necessary not only to 
“bury” the ballistic missiles of the period 
1965-70, but also to resort to mobility. 


But the USAF’s intention is to be able to 
practise a policy of absolute, not of minimum 
deterrence. It is not merely a question of dis- 
couraging aggression by threatening the ene- 
my’s heavily populated areas; the more im- 
mediate aim, according to the old laws of war, 
is to be able to destroy his armed forces, in- 
cluding his missile sites. And General Wilson 
told his audience that this was the role of 
the B-70, which would in all probability be 
equipped with the Sky Bolt. 


The combination of aircraft and airborne 
ballistic missile not only provided a topic for 
General Wilson, but also formed the back- 
ground to the statements of General Kuter, 
Commander of North American Air Defense 
Command (NORAD). General Kuter demand- 
ed the rapid development of an interceptor 
capable of flying at Mach 3. The cancella- 
tion of the F-108 long-range interceptor pro- 
gramme and the reduction in the number of 
squadrons of F-101s, F-102s, and F-106s, de- 
prives the anti-aircraft defence of many of its 
resources, for, as General Kuter told his au- 
dience, surface-to-air missiles could not be 
used against bombers armed only with air-to- 
surface missiles of the Hound Dog type. 


General Frank F. Everest, Chief of Tactical 
Air Command, announced that his Staff had 
laid down a multi-mission tactical aircraft 
programme, and that the necessary develop- 
ment credits were included in the 1961 bud- 
get. The aircraft in question would have va- 
riable-sweep wings, on the Bell X-5 principle. 


All these declarations show that both the 
Government and the Pentagon have categori- 
cally refused to adopt the minimum deter- 
rence concept,-under which a small number 
of ICBMs, threatening the enemy’s cities, 


would dissuade any aggressor from taking up 
arms. Such an arsenal would be far too spe- 
cialized to play any kind of role in conflicts in 
which the life of the American people them- 
selves was not directly at stake. Hence the 
adoption of the absolute deterrence concept 
and the development and manufacture of a 
complete arsenal ranging from the tactical 
aircraft to the satellite via the Mach 3 bomber 
and interceptor, the ICBM, the tactical mis- 
sile and the weapons of communications and 


ECM warfare. 


Dr. Edward Teller, who designed and built 
the first American thermonuclear bomb, once 
again disputed the Army’s arguments in fa- 
vour of an anti-missile missile. The celebrated 
atomic scientist said that, for such a system 
to be of any use at all, its efficacy would have 
to be higher than 93 percent; in other words, 
it must be capable of so “filtering” enemy 
ICBMs that only 7 percent could get through 
the “filter”. This statement throws a parti- 
cularly interesting light on the policy of abso- 
lute deterrence—the only one which can pre- 
vent the enemy from resorting to force. For 
since, according to Dr. Teller, it will be im- 
possible for many years to come to stop bal- 
listie missiles before they reach their targets, 
the only solution is to adopt a defensive 


policy based on offensive weapons. 


On this point the Convention made no 
startlingly new contribution. General David 
Wade, Commander of Vandenberg Air Force 
Base, merely stated that orders for the Atlas 
remain unchanged, further contracts are to 
be placed for an improved version of the 
Titan, and certain credits have been allo- 
cated for the development of Midgetman and 


Mightyman solid-propellant missiles. 


As regards space warfare, which has been 
much discussed in the United States in recent 
months, General Bernard Schriever denied 
that the Pentagon was considering the deve- 
lopment of anti-satellite satellites, as U.S. 
policy is to use space for purely peaceful pur- 
poses. It is therefore not likely that America 
will take any action in this field which might 
unleash a kind of guerilla war in space. 


A new idea has crystallized from the Con- 
vention and the statements which were made 
there. The U.S. military authorities are mani- 
festly preparing public opinion to accept the 
idea that, whatever the scientific and tech- 
nical advances made by the country, safety 
cannot be bought at a bargain price. There 
is no magic weapon which can serve as the 
basis for overall deterrence and discourage 
the use of force in all aspects of war. To 
achieve this aim, a complete and diversified 
arsenal must be created for the practice of 
so-called absolute deterrence, whose instru- 
ments could discourage all kinds of warfare 


down to localized conflicts. 
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The firing line in a quiet 
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revolution 


It started here 5 years ago—the revolution that 
reshaped the world of electronics manufacturing. 


Hughes was in the midst of a staggering electronics 
manufacturing assignment. Hughes had to mass- 
produce the most complex kind of electronic brain 
yet conceived—with literally thousands of minia- 
ture parts and delicate connections. 


Yet, these brains had to be built to the highest 
standards of reliability, tight schedules had to be 
met and costs held down. 


These challenges urged Hughes engineers to bold 
immediate solutions. First was the adoption of 
advanced computer techniques for production and 
inventory control. 


This marked a major forward step — purchasing 
and inventory became virtually “exact sciences.” 
Each was integrated into the needs of production. 
Costs tumbled. Engineering changes could easily 
be made. And over-all efficiency soared. 


Second was the development of the Videosonic 
system. Here, pictures and recorded voice instruc- 
tions guide workers through each step of assembly. 
With the Videosonic system, an untrained house- 
wife can practically train herself. In days she is 
competent to begin building complex electronics 
assemblies that took engineers months to design. 


From this basic idea of “controlling the flow of 
materials through men and machines” have come 
numerous other improvements and large cost sav- 
ings to the customers. 


Electronics is our business — Hughes’ capability in 
electronics manufacturing is matched by its ability 
in creating new and more advanced systems and 
components. This combination of creativity, reli- 
ability, and productivity is available to you. We 
welcome your inquiry. 





Videosonic Assembly Techniques represent the most important 
development in line flow since the standard assembly track. 
This Hughes device regularizes flow, maintains reliability and 
quality, reduces worker fatigue. 


Hughes and SABCA have established COBELDA (COM- 
PAGNIE BELGE D'ELECTRONIQUE ET D'AUTOMATION) 
in Brussels/Gosselies, Belgium, for the maintenance and 
manufacture of advanced electronic products. 


For further information please write to Hughes International, a Division 
of Hughes Aircraft Company, Culver City, California, U.S.A. _ 


| HUGHES INTERNATIONAL 
: A DIVISION OF HUGHES AIRCRAFT COMPANY 


CULVER CITY, CALIFORNIA, U. S. A. 
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Plane, Train or Limousine? 


(none of these, this is a helicopter!) 


Looks like a conference room, doesn’t it? Well, it is in a way. 
The cabin of this new turbine-powered Sikorsky S-62 was 
designed to make every trip conducive to meetings, study, 
work and even rest. 

The turbine engine not only contributes to this atmosphere 
with its smooth operation but also has an unequalled record 
of reliability to recommend it. 

This nine-passenger, amphibious Sikorsky S-62 is the newest 
addition to the family of helicopters you so often see in the 


news transporting world leaders. As it does for them, a 
Sikorsky helicopter will cut your traveling time...and give 
you more free time to transact government, commercial or 
private business. 


So today, write to United Aircraft Export Corporation to find 
out how your government or company can gain in time and 
in work accomplished with a new Sikorsky S-62 executive 
helicopter. A worldwide network of representatives stands 
ready to provide you with all the latest details and specifications. 


UNITED AIRCRAFT EXPORT CORPORATION 


East Hartford 8, Connecticut, U. S. A. 


E>) 7 “Byron . wher 


European Headquarters: 3/5 Warwick House Street, London S.W. 1, England 
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Manufacturers of SS.10 & SS.11 anti-tank missiles 
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Interrogator-Responsor abe 
Aerial. Part of the ground 
equipment of the Cossor 
econdary Surveillance 
adar System for 

Air Traffic Control. 


The ATC Airborne 
Secondary Radar 
Transponder SSR 1251. 
Designed to meet I.C.A.O. 
and ARINC requirements 


eye on the sky 


Alive to the ever growing need for radar in Air Traffic Control, Cossor are leaders 
in both Primary and Secondary surveillance radar. With skilled engineers and 
technicians and an overall pioneering spirit, they are contributing a great deal 
to the well-being of the air world with ground and airborne radar equipment, 
designed and developed to give the highest standards of performance and relia- 
bility. At sixteen major airports throughout the world, the Cossor 10cm Primary 
Radar system is in use and the new BOAC Boeing 707 airliner carries the Cossor 
transponder SSR 1251 as standard equipment. A “‘ weather eye”’ is kept open with 
the latest meteorological radar. Eight 
windfinding radars will soon be delivered 
for use in New Zealand and the Pacific 
Islands. Six to the New Zealand Govern- 
ment and two to the Southern Pacific Air 
Transport Council. The Radar needs of 
this demanding air-age are being met by 
Cossor Radar, playing their part in the 
control of world air traffic lanes. 


COSSOR 


RADAR AND ELECTRONICS LIMITED 


ELIZABETH WAY - HARLOW - ESSEX - TEL. HARLOW 26862 


_including those for 
sidelobe suppression. 


The C.R.D. 23 ATC 
Radar Display 
System, An 
advanced equipment 
with full interscan 
facilities for the 
P.P.I. presentation 
of air traffic control 
information. 





The CR 787 S-Band 
Airfield Control 
Radar. A high- 
performance pri- 
mary radar with 
MTI and circular 
polarisation. 
















Gee Mk 111 Airborne Navigational 
Equipment. The Airborne component 
of a highly accurate pulse-operated 
hyperbolic navigation system. 





The Meteorological 
Radar Type 353. A 
high-performance 

search and 
tracking radar for 
the determination 
of wind velocities. 


1357 





Sitting pretty... 
with |t 











1358 











the Clean-wing Jets 


In years to come, will you look back in anger: 


because your jets are outmoded? Or will you 
be sitting pretty with the 
world’s most advanced 
long range airliners — the 
Vickers Clean-wing jets ? 






Compared with older equipment, 
the VC10 and Super VC10 are as 
big a step forward as the first jetliners were 
in their day. They have the speed, comfort, 


quietness and looks to win the next genera- 





SUPER VC10 
FACTS FOR THE OPERATOR 


* Over 4,000 mile range with full payload tion of passengers, plus advanced airfield 


* ° 
Up to 212 passengers performance and other technical features for 
li alas as oe fitabl tion. With the VC10, high 
* 600 m.p.h. profitable operation. e , hig 
* Clean-wing, advanced airfield speed airline services can be operated be- 
performance a ; ’ : 
© Mearmeunted Reile-Dagee Comey tween places previously ‘out of bounds’ to big 
engines jet transport. 
* Low noise factor, internally and externally 
seaiaannataitaeanh sistent. icchaiiagksee Face future competition in advance by plan- 


* Developments of the Super VC10, giving ; ° 
even /onger range and bigger capacity, ning with the VC10 and Super VC10 now. 


are now in hand 


VICKERS 


VEC LUO: Sipe VEU 


FOUR REAR-MOUNTED ROLLS-ROYCE CONWAY BY-PASS TURBOVJETS 





VICKERS-ARMSTRONGS (AIRCRAFT) LIMITED WEYBRIDGE SURREY 


Member Company of BRITISH AIRCRAFT CORPORATION 
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...and 200 miles away a telephone rings! 


Eight hours ago, an expanse of barren mountain- 
ous country made communication impossible. 
Tonight, 60 telephone channels and teletype 
span the wilderness. 

Transportable MICROSCATTER is a super 
high frequency radio system for long-range 
communication. Developed by Canadian 
Westinghouse, MICROSCATTER beams sig- 
nals high above the earth sending two-way 
voice and teletype messages up to 200 miles over 
land and water . . . without costly relay stations. 


The compact MICROSCATTER radio system 
fits in a standard 30 ft. truck trailer. Now, 
whenever men and equipment move, MICRO- 
SCATTER moves right along with them. It is 
particularly suited to military and government 
projects in remote locations. Units designed for 
self-contained field operations are set down by 
helicopter. 


CANADIAN 


Westinghouse Microscatter 


A Westinghouse communications specialist will 
be pleased to explain fully the MICRO- 
SCATTER operation and relate it to your 
problem. Contact your nearest Westinghouse 
office, or write to Canadian Westinghouse 
Company Limited, Electronics Division, 
Hamilton, Canada. YOU CAN BE SURE... 
IF IT’S WESTINGHOUSE. 





MICROSCATTER APPLICATIONS 

















COMMERCIAL MILITARY 
Fixed Station —120 teleph Wide Band —radar 
channels —data 
—television and —120 telephone 
sound channels 
Transportable—60 telephone Tactical and —60 voice channels 
channels Transportable—teletype 
—teletype —data 
FEATURES 
* Frequency—4400-5000 mc * Power—2 KW 


¢ Antennas —10 to 28 ft. diameter * Range—100 to 200 miles 





60-A-745 








TEN MILLION 


passengers have already flown in Boeing Jetliners 


...most popular, most proved jetliners in the world! 


pode 
720 
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These airlines now offer Boeing jetliner service: AIR FRANCE - AIR INDIA - AMERICAN : B. O. A. C.- BRANIFF - CONTINENTAL : LUFTHANSA - PAN AMERICAN « QANTAS - SABENA - SOUTH AFRICAN - TWA 

UNITED - VARIG - WESTERN. Boeing jetliners will go into service later with: AVIANCA - CUBANA - EASTERN - EL AL - ETHIOPIAN and IRISH; NORTHEAST and PAKISTAN operate Boeing jetliners under lease. 





Ceichtmetall 


still indispensable 


as in years past 
for the construction of high-speed 
aircraft 


but the specifications for strength and quality of material are 
now many times higher. 
For the most exacting requirements we offer our high-strength 


Constructal® specia! AlZnMgCu alloys. 


We supply aircraft builders with semi-finished’ parts in pure 
aluminium and aluminium alloys to German and foreign speci- 


fications— 
VLW-ALUMINIUM 


You are invited to get in touch with our 
TECHNICAL ADVISORY SERVICE 


VEREINIGTE LEICHTMETALL-WERKE | 
GMBH-BONN Tel. 31911 Telex 886 837 


Monk 
Bridge 


precision forged 
turbine and 
compressor 


blades .. 











=-----— = 
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MONK BRIDGE IRON & STEEL CO. LEEDS 12 


DANIEL DONCASTER & SONS LIMITED - SHEFFIELD 
MOORSIDE COMPONENTS - OLDHAM 


DANIEL DONCASTER & SONS (THE BLAENAVON CO. BRANCH) LTD. 
BLAENAVON MONMOUTHSHIRE 








LTD. 








UNSERE ARBEIT — —— PROGRAMM 


Mit 4000 Mitarbeitern gehéren wir zu den bedeutendsten Firmen 
der deutschen Luftfahrtindustrie. 


With 4000 employees we are one of the most important companies 
within the German Aviation Industry. 


IM FLUGZEUGBAU 


ENTWICKELN UND PLANEN WIR 

Transportflugzeuge, Hubschrauber, Reiseflugzeuge; 

BAUEN, OUBERHOLEN UND REPARIEREN WIR 
Transportflugzeuge, Hubschrauber, Forschungsflugzeuge, Diisen- 


flugzeuge. y 4 
IN AIRCRAFT CONSTRUCTION 


WE DEVELOP AND DESIGN 

transport aircraft, helicopters, passenger aircraft; 

WE PRODUCE, OVERHAUL AND REPAIR 

transport aircraft, helicopters, research aircraft, jet aircraft. 


IN DER , ZWEITFERTIGUNG” 


BAUEN WIR 
Vorrichtungen und Lehren fir die Flugzeugindustrie und andere 
industrien, Leichtmetall-, Stahlkonstruktionen und Behditer. 


IN OUR SECONDARY PRODUCTION 


WE PRODUCE 
tools and fixtures for the aircraft industry and other industries, 
light metal and steel constructions, container. 


WIR ARBEITEN ZUSAMMEN 


mit groBen deutschen Flugzeugfirmen, mit bedeutenden euro- 
pdischen und amerikanischen Flugzeugfirmen, in besonders enger 
Arbeitsgemeinschaft mit der Hubschrauberfirma 


SIKORSKY AIRCRAFT 
einer Tochtergeselischaft der UNITED AIRCRAFT CORP., U.S.A. 


WE CO-OPERATE 


with large German aircraft companies, important European and 
American aircraft companies, and have an especially close 
co-operation with 

SIKORSKY AIRCRAFT 

a division of UNITED AIRCRAFT CORP., U.S.A. 





«uWESER" FLUGZEUGBAU GMBH, BREMEN 
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Ferranti 
Aircraft Equipment 





Ferranti are able to offer a wide range of Gyro- 
scopic and Transistorised equipments for all 
types of aircraft. The main features of these 
equipments are their high reliability and 
efficiency, coupled with light-weight and small 
space demands. Many units are hermetically 
sealed. 

All Ferranti equipments are fully supported by 
a technical service organisation. 


Artificial Horizons in 44” and 3}” cases. 
Horizon Gyros. 

Vertical Signalling Gyros. 

Helicopter Instrument Systems. 
Stable Platforms. 


Transformer Rectifier Units. 


+ + + + + HF 


Transistorised Static Inverters, Converters 
and Voltage Regulators. 


Enquiries to: FERRANTI LTD 

AIRCRAFT EQUIPMENT DEPT * MOSTON * MANCHESTER 10 
Telephone: FAllsworth 2071 

or WESTWICK * BRACKNELL ° BERKSHIRE 


Telephone: Bracknell 1211 


FERRANTI 


FIRST INTO THE FUTURE 


FAE 5 
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U.S. Air Force 
Lockheed C-130 
Hercules 


The recent crisis in the Congo has once again proved that the self- 
sustained aircraft is of vital importance in transporting cargo and 
passengers to and from landing fields where no ground support 
equipment exists. 

The USAF Lockheed C-130 Hercules is designed to land and take 
off from extremely short runways carrying heavy loads of cargo or 
passengers. Equipped with an AiResearch gas turbine and starting 
system, the C-130 is entirely self-sufficient and can operate from the 
heat of the Congo to the cold of the Antarctic without the need of 





AiResearch gas 
turbine compressor 
GTC8S5 is built 
into the left wheel 
well of the C-130. 


ground support equipment. AiResearch air turbine 
starter ATS100 is 

FOR FURTHER INFORMATION, WRITE TO GARRETT INTERNATIONAL S. A, installed on each of 

17 RUE DES PIERRES-DU-NITON, GENEVA, SWITZERLAND aa C-130’s four 


turboprop engines. 





Cees Fo ATION 


| AiResearch Manufacturing Divisions 


Los Angeles 45, California ... Phoenix, Arizona + U.S.A. 
Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 


THE 








BY DAY OR NIGHT, 
IN ANY WEATHER... 


The ENGLISH ELECTRIC LIGHTNING provides 
frontline defence at all times. It is com- 












pletely equipped with navigational, radar 


and automatic aids. Whatever the weather, 


in daylight or darkness, the pilot can 
make full and effective use of the LIGHTNING's 


stupendous performance. 





_ne LIGHTNING 


IS INCOMPARABLE 


ENGLISH ELECTRIC 
NGLISIE ELECTRU 
,ANUbE JUL 


Pliner lis 





ENGLISH ELECTRIC LIMITED © MARCONI HOUSE @ STRAND # LONDON WC2 
MEMBER COMPANY OF BRITISH AIRCRAFT CORPORATION 

















Cold War in Infinite Space 


Fis wind which blew across the world after the U-2 affair has again 
risen since the last meeting of the United Naticns General Assembly. 
The cold war goes on. But it is already becoming clear that it will have 
other theatres of operations than the Middle East and the Congo. 

Just as the machine-gun put an end to the serried ranks af the Na- 
poleonic order of battle, so the new weapons of mass destruction 
prevent outright war between the nations which possess them. But 
they leave the world with limited conflicts, the use of other countries 
as intermediaries in the battle of ideologies, subversion, internal 
dissension and political warfare. And now the conquest of space offers 
a new field of activity for the cold war of the future. 

The issues at stake are not merely sci2ntific and technical compe- 
tition and the propaganda which is its political corollary; there is also 
the mighty conflict of attrition which the “Big Two” are preparing and 
which would take the form of the mutual destruction of their satellites 
and space-ships. 

If, in the not too distant future, an observation satellite launched 
from Cape Canaveral were to be “‘shot down” by an armed satellite 
fired from the Caucasus, the only result on the earth would be an 
exchange of protests and counter-protests. For the atomic age has 
seen the advent of a new modus vivendi between the USSR and the 
United States, based on the fait accompli. It is not so long ago that 
nations went to battle for no better reason than that a consul had been 
hit on the nose with a fly swatter or an abbreviated dispatch had been 
wrongly interpreted. Many a bloodthirsty war has been fought on 
even more futile grounds. Since Hiroshima, on the other hand, a 
Soviet fighter can shoot down an American military aircraft which 
violates a small corner of Russian airspace or, through an oversight, 
force a British commercial aircraft to land, without letting loose a 
cataclysm. And the opposite is true. If a battery of Nikes destroyed 
a Soviet aircraft in flight, the only result would be an exchange of more 
or less innocuous notes between the countries. It is clear to everybody 
that the disproportion between the crime—the shooting down of an 
aircraft—and its punishment—nuclear war—is so great that there is 
nothing to do but swallow the pill and try to get the most out of the 
negotiations following the event. 

It is for this reason that war waged from satellites and space-ships 
will bestow inestimable benefits on the Power which has prepared for 
it and will therefore ultimately triumph. Such a conflict will wear down 
the enemy, demonstrate by a brilliant manoeuvre the scientific and 
technical superiority of the victor and serve his propaganda purposes 
without involving ‘the slightest risks to either side. Belligerents in 
space, the two Powers will have but one weapon on earth: the verbal 
one. A nuclear conflict is not unleashed merely because a satellite, 
knocked out of its orbit, is reduced to a vapour in the upper layers of 
the atmosphere. 

In past centuries sword and armour alternately won the day in wars 
of attrition, which were more or less continual and left humanity 


practically no breathing space. The stronghold imposed the necessity 
for long sieges and triumphed over the bow and lance. Later, artillery 
put an end to the fortress, and mobile warfare reassumed a decisive 
importance, until the machine-gun and field-gun in their turn led to 
trench war and immobile fronts. The tank again transformed the 
picture, and there was a return to close formation, this time with 
armoured units. Since Hiroshima, there has been a further sweeping 
revolution, for a single projectile can now wield such destructive force 
that both defensive strategy and wars of attrition must, it seems, be 
relegated to the past. There is no longer any question of filtering the 
erem,’s onslaught through a defensive screen, nor can there be any 
question of a war aimed at slowly wearing down his resistance and 
progressively undermining his will to fight. In a few minutes, he could 
find himself transported several centuries into the past by the extent 
of the damage which he would have suffered in an infinitesimal fraction 
of the time which only yesterday would have barely sufficed for a 
skirmish. 


Scarcely have the strategists begun to ponder the consequences of 
such a radical transformation of their customary ideas, than space 
warfare announces a return to the prolonged wars of attrition and to 
the traditional conflict between the sword and the armour, the defence 
and the attack. But now such battles, if they were ever to take place, 
would be fought hundreds or even thousands of miles above men’s 


heads. 


Because the “‘Big Two” each possess an almost complete array of 
nuclear weapons, one arsenal neutralizing the other and maintaining the 
status quo between them on earth, this new form of clash is probable, 
and each side must prepare for it. Nothing is easier than to build an 
anti-satellite satellite and place it in orbit. And it should not be impossi- 
ble to fit space vehicles with anti-anti-satellite equipment. In the field of 
countermeasures and anti-countermeasures, electronic engineers work- 
ing towards the conquest of space have vast prospects before them. 


The few military thinkers who are studying the strategic implica- 
tions of the conquest of space must, of course, admit that the use of the 
moon—or a satellite—to bombard the enemy on earth is not of primary 
interest. To place in permanent orbit nuclear payloads which could be 
hurled onto the earth as and when required offers very little promise 
of a solution to the problems of survival, accuracy and security posed 
by an effective deterrent. The only arguments habitually advanced 
by the advocates of the military use of space are of a philosophical, 
rather than a practical nature: “‘the side which holds the heights 
will win.”’ 


Setting out to explore space is certainly a paying proposition for any 
nation, and who knows if it will not return from its explorations with 
the keys to world domination? Looking for the route to India, 
Christopher Columbus discovered America. +> 
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By Dr. Theodore von Karman 





I. is a pleasure and honor for me to write a few introductory lines for the special 
issue of Interavia dealing with astronautics. I believe it is in line with the wishes 
of my late great friend, the founder of Jnteravia, that an issue of his magazine 
should be devoted to this fast developing branch of technology, which we may call 
ultra-aviation or maybe meta-aviation. I do not agree with some people who say: 
no one is interested any more in aircraft, the era of aviation is past, the age of 
missiles and spacecraft is beginning. I consider the scientific and technical problems 
of astronautics an extension of the problems which have faced us during the past 
half century in aviation development. Maybe astronautics is too ambitious a 
term; as a matter of fact the nearest fixed star is more than four light years 
away from us, so that tremendous improvements in propulsion and guidance 
technologies would be necessary to reduce the time for the trip to a reasonable 
figure in comparison with the lifetime of human beings. Thus, for our generation, 
space flight probably will be restricted to the cislunar and planetary spaces. The 
expression interplanetary flight is more realistic than space flight or astronautics. 


This summer the International Astronautical Federation held its eleventh 
congress under the chairmanship of Professor L. I. Sedov of the USSR. This 
congress made two decisions that promise to be of importance in the future. It 
approved the statutes for an International Academy of Astronautics and for an 
International Institute of Space Law. 


Since I was charged with the task of making preparations for the establishment 
of the Academy by the Federation last year in London, and was designated the 
first Director of the Academy, I should like to speak about it in more detail. 


At the first meeting of the Academy in Stockholm Professor J. Pérés, Dean of 
the Faculty of Science at the Sorbonne in Paris, and Dr. F. J. Malina, American 
astronautics pioneer, were appointed Deputy Directors. Also Professor A. Ehmert 
of the Max Planck Institute for the Physics of the Stratosphere in Géttingen, 
Germany, was appointed Chairman of Section I of the Academy for the Basic 
Sciences, Professor R. PeSek of the Czechoslovak Academy of Sciences in Prague 
to the Chairmanship of Section II for the Engineering Sciences, and Professor 
M. Florkin, eminent bio-chemist of the University of Liége in Belgium, to the 
Chairmanship of Section III for Life Sciences. Monsieur A. R. Weiller of France 
was appointed Acting Secretary of the Academy. 


The initial membership of the Academy consists of 45 persons from the following 
countries: Argentina, Belgium, Bulgaria, Canada, Czechoslovakia, France, 
Germany, Italy, Netherlands, Sweden, Switzerland, United Kingdom, Uruguay, 
USA and Yugoslavia. There are nine vacancies for scientists from the USSR, 
allotted by the Founding Committee, which are being held open for the time being. 


Identification Parade 


We are all familiar with bird watchers, locomotive and aircraft spotters... but 
so far we have not come across any satellite spotters. This is not altogether 
surprising; for one thing, satellites have been orbiting for only three years (Sputnik! 
was launched on October 4th; 1957, Exp/orer/ on January 31st, 1958); secondly, 
their strange shapes and names follow no clearly distinguishable pattern; and 
lastly, they can be examined at close quarters only at occasional exhibitions in 
Moscow or Leipzig, New York or Stockholm. As if this were not enough, satellites— 
of which some 30 have so far been successfully launched into orbit (24 American 
and 6 Russian), and 14 are still “in circulation” (12 American and 2 Russian)—have 
been modified for every conceivable task and been joined by other artificial heavenly 
bodies, including three planetoids (2 American, 1 Russian) and one lunar probe 


projected dwarf satellites with minia- 
turized instrumentation; very long life, 
extending in the case of Vanguard | 
(whose transmitters, fed by solar bat- 
teries, are still operating) to several 


1. Early satellites 


These satellites primarily served as 
practical proof that age-old dreams could 
come true, but at the same time greatly 





| Astronautics | 





The International Academy of Astronautics 


A Round Table for Space Scientists 


I should like to point out that Academicians are not chosen on the basis of their 
nationality, and they do not represent organizations; they are elected by members 
of the Academy on the basis of their personal scientific contribution to astronautics. 

The statutes of the Academy authorize 60 members and 120 corresponding 
members for Section I (Basic Sciences); 60 members and 120 corresponding 
members for Section II (Engineering Sciences); and 45 members and 90 corres- 
ponding members for Section III (Life Sciences). In December next, a second third 
of the members for each section will be elected, and the final third a year later. 
After that corresponding members will be elected. 

The Daniel and Florence Guggenheim Foundation of New York has made a 
grant of $75,000 for the Academy during the next three years for administrative 
and organizational expenses. 

I want to emphasize again that the Academy is not a board or a committee like 
COSPAR (Committee on Space Research) composed of delegates of scientific 
societies or other similar organizations, but a meeting place for the exchange of 
ideas of selected individual scientists, patterned after the great classical Academies, 
for example, the Académie des Sciences in Paris, the Accademia dei Lincei in Rome 
and the Royal Society in London, with the difference that the new Academy has 
a strictly international character, and its activities are restricted to the newly 
developing sciences of astronautics. 

The current program of the Academy includes editing of Acta Astronautica, 
which is published by Springer-Verlag in Vienna; choosing a recipient for the 
annual Daniel and Florence Guggenheim Astronautics Award; in cooperation 
with UNESCO giving consideration to the possibility of arranging an international 
symposium on “‘Man in Space’’; and studying the question of the preparation of a 
multi-lingual astronautics dictionary. 

The longer-range program includes work of a Joint Commission of the Academy 
and the International Institute of Space Law on the scientific and technical aspects 
of space law. This Commission is under the chairmanship of Professor J. C. Cooper 
of the USA, with Dr. L. R. Shepherd of the U.K. as Vice-Chairman. 

The Academy has also established in Stockholm the Lunar International 
Laboratory (LIL) Committee under the chairmanship of Dr. F. J. Malina of the 
USA, with Professor E. C. B. Lovell of the U.K. as Vice-Chairman. This Committee 
will study the technical problems related to the construction of a scientific research 
laboratory on the moon. 

The task of the LIL Committee may sound like science fiction. The history of 
aviation, however, shows many examples in which competent people severely 
underestimated the possibilities of practical development of this new branch of 
technology. + 


for Space Vehicles 


(Russian). Still further special civil and military satellites, moon vehicles, unmanned 
space ships for longer trips—to Mars and Venus—and finally manned space 
vehicles are under development and will doubtless receive much attention in both 
the daily newspapers and the trade press in the coming decade. To introduce a 
little order into the maze of names and applications and to distinguish the realities 
of yesterday and today from the projects for the future, /nteravia has composed 
the accompanying ‘‘space vehicle atlas.” 


This atlas divides the products and projects of astronautics into two main groups, 
pure research (shaded grey) and practical civil or military applications, each with 
five sub-groups. These break down into the following categories: 


already tested or projected for future tests 
are designed to prepare the way for the safe 
recovery of instruments, animals and ulti- 
mately men. 


@ Discoverers (USA), of which 15 have so 


3. Lunar probes 

@ Lunik 11 (USSR), made a hard landing on 
the moon; 

@ Lunik Ill (USSR), transmitted the first 
television pictures of the other side of 





enlarged man’s knowledge of geophysics 

and cosmology. 

@ Sputnik |, Il and Il (USSR), now burned 
out, provided information on the density 
of the highest layers of the atmosphere 
and on phenomena in the exosphere; 

@ Sputnik IV (USSR), still orbiting, used to 
test a pressure cabin; 

@ Explorer |, Vi and Vil (USA) proved 
America to be equal to the Russians and 
discovered, for example, the Van Allen 
radiation belts round the earth; 

@ Vanguard |, Il and Ill (USA), the only 
successful examples of a long series of 
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centuries. 


. Early planetoids 


Lunik 1 (USSR), originally designed to 
circle the moon, missed its way and is 
now orbiting the sun once in 15 months; 
Pioneer IV (USA), orbits the sun in 
roughly 13 months, transmitted during 
the first 100 hours; 

Pioneer V (USA), orbits the sun in 312 
days, is equipped to measure radiation 
in interplanetary space, but its trans- 
mitter (fed by solar batteries) has ceased 
operation. 


5. 


the moon to Moscow and is still cir- 
culating around the earth. 
Future projects—so far as known—include 
the Ranger, Surveyor and Prospector un- 
manned lunar vehicles and the Apollo 
manned vehicle (all USA). 


. Planetary orbiters 


Future projects, such as Mariner (USA) 
and Voyager (USA), for trips to Mars 
and Venus. 

Recovery test vehicles 
Constructed as separable portions of 


special satellites, the recovery vehicles 


far been launched (another 20 launchings 
are planned); in two cases (Discoverer 
Xill and X/V) the capsule was recovered, 
once from the Pacific, the second time 
in the air (captured by a C-119); 


Sputnik V (USSR), brought two dogs 
(Strelka und Byelka) safely back to earth 
on August 20th, 1960, after the 17th orbit. 


Future projects (all USA) include a series 
of single-seat Mercury recovery capsules 
and Dyna-Soar space gliders, as well as 
experimental versions of the three-man 
Apollo space ship. 
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Practical applications 
Meteorological satellites 


% Future: Tiros Il 
Nimbus 
\ Aeros 


\ 

\ aor 
\ 

\ 


Communication and 
navigation satellites 


Future: Rebound 
Courier 
Advent 


Geophysical and 
astronomical observatories 


—— 


Future: OGO (Pogo + 
Ego) 
Firefly 
OAO 
OSO 


\ 
\ 
\ 

























Reconnaissance vehicles ¥ Combat vehicles 


Future: Midas F Future: Dyna-Soar 
Samos Ados 
- Yo-Yo ff Saint 


/ 


*) no longer in orbit / 


/ 


6. Meteorological satellites mission of ultra-short waves over global 8. Geophysical and astronomical series of —— early ee — 
© Tiros (USA) abbreviation fr Television Seteeiommine thet postions mitvanign observatories peed nag wd Tomrgg hppa 
first weather satellite, equipped with we degree of accuracy by the Doppler principle. @ NRL satellite (USA), an instrumentation with the aid of infra-red sensors, and to 


report on their launching by radio; 
television ‘cameras which transmitted  @ Score (USA), abbreviation for Signals Gaut'saelte) to meseure given bands 





more than 22,000 pictures back to earth Communications Orbital Relay Experiment, OF adlir satiaiien: Future projects include further Midas 

(see separate article); now burned out, played back on command . satellites, also the Samos (Surveillance 
@ Future projects (all USA) include addi- messages transmitted to it during orbit; Future projects (all USA) with less = tag oe bse vonage - 

tional Tiros vehicles and the more colourful abbreviations such as OGO the Yo-Yo tactical reconnaissance satel- 

advanced Nimbus and Aeros satellites, © 7% —_ 1B and WA Rips ——. (Orbiting Geophysical Observatory), lite for the U.S. Navy. 

the latter with 24-hour equatorial orbits pong. the ao : “y — - OAO (Orbiting Astronomical Observa- 

which will make them appear stationary ee ys meee —— Sys a 3 tory) and OSO (Orbiting Solar Observa- 

in relation to the earth. © RRP Shee Creer Saree tory); also Firefly for geodetic purposes. 10. Combat vehicles 

@ Echo | (USA) passive communications 
7. Communications and navigation satellite 100 ft in diameter, visible to the ss os @ Projects only at present, such as the Dyna- 
Satellites naked eye at night; 9.R ce vehicles Soar (manned space bomber/reconnais- 
sance vehicle), Ados (Astronautical 

The former are designed for passive @ Future projects designated Rebound, @ Midas II (USA), abbreviation for Missile Defensive-Offensive System) and Saint 

(reflection) or active (relay station) trans- Courier and Advent (all USA). Defense Alarm System, forerunner of a (Satellite Interception). 
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Saturn 


Backbone of the U.S. Space Programme 


Ir despite America’s impressive achieve- 
ments in the space race, U.S. prestige has 
suffered so many setbacks, this is due to a 
single, yet decisive cause: the lack of bocsters 
for heavy payloads. Although the Americans 
undoubtedly have the lead over the Russians 
as regards the number of successful satellite 
and space probe launchings, although the 
many-sidedness of the U.S. space programme 
cannot fail to impress, the fact remains that 
the USSR has rockets which are not only 
larger, but also more reliable. It is therefore 
understandable that the development of high- 
thrust boosters is at the core of the USA’s 
ten-year space research programme. It is 
perfectly clear to the Americans that the 
Russians have no intention of resting on their 
laurels; on the contrary, they are more likely 
to speed up the pace of development. A 
“sustained” American development pro- 
gramme would thus have no prospects of 
lessening the gap between the USA and the 
Soviet Union; only a sudden spurt could 
enable the United States to equal or surpass 
Soviet rocket techniques. 


But the mere recognition of this self-evident 
fact is of little use. The thorniest problem lies 
in determining the optimum effort to be put 
into the spurt. If the sights are set too high, 
then there is an increased risk that the 
conditions necessary to attain the goal will 
not be met in time. With an over-cautious 
programme, on the other hand, progress will 
be imperceptible. To find the compromise 
between the two contradictory requirements, 
“highest possible rate of development” and 
“lowest possible risk,’ demands not so much 
specialized scientific knowledge as a wide 
experience in the field of rocket techniques 
and the organization of the research work 
necessary to gain it. It is therefore hardly 
surprising that the concept on which the U.S. 
Government finally decided originated with 
Wernher von Braun, who is more qualified 
than any other to meet the requirements 
described above. He is backed up by a team 
of engineers who during World War II 
brought rocket techniques to the stage which 
was more or less the common starting point 
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for both American and Soviet post-war 
development. 

While, in the post-war years, the Americans 
were content to use captured V-2s for upper 
atmosphere research, the Soviets lost no time 
in developing boosters for nuclear warheads 
on the basis of German achievements. The 
initially high weight of these warheads—of 
the order of two tons—compelled the 
Russians to base their development programme 
on high launching weights and correspond- 








Diagram of the C-1 three-stage version of Saturn. 1 — First 
stage with nine cylindrical propellant tanks (kerosene 
and liquid oxygen); 2 — second stage, under development 
at Douglas; 3 — third stage, a modified Convair Centaur ; 
4 - payload; 5 — eight Rocketdyne H-1 rocket motors, 
each delivering 188,000 Ib thrust; 6 — four Pratt & Whitney 
XLR 115s, each with 17,500 to 20,000 Ib thrust; 7 — two 
XLR 115s. 


ingly high thrusts. It was only later that the 
USA began to develop ballistic rockets, since 
the miniaturization of nuclear warheads, 
already under way, meant that payload 
weights could be substantially reduced. It thus 
appeared less urgent to increase the thrusts 
of rocket motors. 

American statesmen made their major 
error when they gave exaggerated priority to 
the U.S. Navy’s Vanguard project in allocating 
funds for research. Wernher von Braun, 
developing rockets for the U.S. Army with 
his former Peenemiinde colleagues, urged in 
vain that priority should be given to projects 
based on his rockets. The failure to recognize 
the political significance of successful space 
research still dogs U.S. efforts. As will be 
recalled, it was the Redstone, developed by 
von Braun, which placed the first American 
satellite in orbit on January 31st, 1958. 


From Project to Programme 

As early as the spring of 1957, half a year 
before the launching of the first Russian 
Sputnik, Wernher von Braun was working on 
preliminary studies for a rocket first stage 
with clustered engines. The project initially 
envisaged four Rocketdyne engines of 360,000 
lb thrust each—the most powerful under 
development at that time. On the basis of von 
Braun’s studies, the Army Ballistic Missile 
Agency (ABMA) recommended, in December, 
1957, the development of a booster of 1.5 
million pounds thrust. Despite the Soviet 
lead, which was by now unmistakable, a 
further nine months elapsed without a decision 
being reached. Finally, in August, 1958, the 
Advanced Research Projects Agency of the 

epartment of Defense ordered ABMA to 
initiate a development programme for a giant 
booster, though with the proviso that it 
should be “‘based on rocket engines presently 
available.” Since five to seven years normally 
elapse between the initial design of a booster 
and the time when it becomes operational, it 
was out of the question to burden the 
programme with the development of a new 
rocket engine. These considerations led the 
Advanced Research Projects Agency to 
modify its original four-engine design in 
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favour of one with eight engines, each 
delivering 150,000 Ib thrust. 

Engines of this thrust class were already in 
production for the Thor and Jupiter IRBMs. 
In September, 1958, Rocketdyne received a 
contract for further engine development, with 
particular. emphasis on simplification of 
design. 

Two months later, Wernher von Braun’s 
team in Huntsville, Alabama, received orders 
to build four experimental vehicles. The 
rocket test rig at Huntsville had to be 
converted for 1.5 million pounds thrust. At 
last, in April, 1959, work began on the 
construction of a launching pad at Cape 
Canaveral. 

The Saturn project did not, however, gain 
a firm foothold in the U.S. space programme 
until, in November, 1959, President Eisen- 
hower handed over the responsibility for the 
project to the National Aeronautics and 


Space Administration. As a result of this 
decision, ABMA’s personnel and facilities at 
Huntsville were incorporated into NASA on 
July Ist, 1960 and today, under the name 
George C. Marshall Space Flight Center, 
form its most heavily staffed division. 

In the meantime, the first booster had been 
completed and was mounted on the test rig 
in February, 1960. After test runs with first 
two, next four and then six engines working 
simultaneously, all eight engines were fired 
for the first time in April. 

NASA’s Saturn programme is based on the 
requirement for maximum simplicity. No 
doubt there is an optimum booster for each 
of the many tasks of space research. But 
scientists are still far from being able to 
produce a booster like a rabbit out of a hat, 
a vehicle which will be fully operational after 
a few “test flights.”” A successful launching 
must be preceded by an incredible number 
of processes carried out in a definite order 
and with split-second timing. In the case of 
the Juno II with an earth satellite as payload, 


Construction of the Saturn first stage at NASA’s George 
C. Marshall Space Flight Center. 

Propellant tank sections being welded together; welding 
equipment in foreground. 


End bulkheads for the external tanks. Each bulkhead 
is made from a single piece of metal by a combined 
chemical-mechanical process. 


After the five oxygen tanks have been attached together, 
a kerosene tank is about to be fitted. The rings at the end 
of the booster are for installation purposes and simplify 
handling during transport. They are not removed until the 
rocket is on the launching pad. 


for instance, these processes number 144. The 
breakdown of any one of them jeopardizes 
the entire operation. The failure of one 
launching, for example, was traced to defects 
in two small components worth only $100 
between them. A production fault and an 
unreported modification resulted in a loss of 
five million dollars. Small wonder that Major 
General Don R. Ostrander, NASA Director 
of Launch Vehicle Programs, laid down the 
following guiding principles for further rocket 
development: “Reduce to a minimum the 
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Technical Data: 
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Booster stages Length | Launching weight Typical payloads 
Saturn C-1 3 185 ft | ~ 1,200,000 Ib | 22,000 Ib into a 300-mile earth orbit 
| 12,000 Ib around the moon (instrument capsule) 
| 9,000 Ib into interplanetary orbit 
| 4,500 Ib into 24-hour earth orbit 
2,400 Ib for soft landing on moon 
Rover nuclear rocket as third stage 
SatunC-2 | 4 213 ft | | 45,000 Ib into a 300-mile earth orbit 
17,000 Ib into interplanetary orbit 
9,000 Ib into 24-hour earth orbit 
5,000 Ib for soft landing on moon 
| Manned capsule around moon 
Saturn C-3 5 over 230 ft 55,000 Ib into earth orbit 
(development Soft landing of manned capsule on moon and return 
doubtful) | to earth 
Stage | Engines 
Designa- | Manufac- | Length Diameter | No. and | Manufac- /|Propellant | Thrust 
tion turer designation | turer | | 
S-1 | NASA 82 ft 21 ft 8in | 8xH-1 | Rocketdyne|/RP-1 plus lox | 8x 187,500 lb = 
| | 1,500,000 Ib 
S-2 - _ _ x J-2 | Rocketdyne'Liquidhydrogen j 4x 200,000Ib = 
(6 x J-2) plus lox | 800,000 Ib 
6x 200,000 Ib = 
| | 1,200,000 Ib 
S-3 - | 28 ft - | 2xJ-2 | Rocketdyne|Liquid hydrogen | 2x 200,000Ib = 
| (4x J-2) |plus lox | 400,000 Ib 
| 4x 200,000 Ib = 
| } 800,000 Ib 
S-4 | Douglas | 50 ft 18 ft | 4XXLR 115 Pratt & \Liquid hydrogen | 4 x17,500 1b = 70,000 Ib 
| Whitney [plus lox | (planned thrust increase 
} to 4x 20,000 Ib = 
| 80,000 Ib) 
S-5 | Convair | 53 ft | 10 ft 2xXLR115 | Pratté& Liquid hydrogen | 2x15,000 Ib = 30,000 Ib 
| | Whitney plus lox (planned thrust increase 
| to 2 x 20,000 Ib = 
} | | | 40,000 Ib) 





number of different types of vehicles and 
components that are developed and thereby 
increase the frequency with which those that 
remain are used. This rule applies all down 
the line from vehicles to stages, to engines, 
and to the very smallest components. We 
hope eventually to arrive at a fleet of 
standardized vehicles whose realiability will 
more than offset the disadvantage of using 
vehicles on specific missions for which they 
may not be optimum.” 

As before, a large proportion of the 
research and development work consists of 
practical tests, first on the rig, and then in 
the form of trial firings. To cut costs, it is 
planned to recover the Saturn boosters after 
launching. Air brakes, parachutes and finally 
retro-rockets which fire just before the rocket 
plunges into the ocean, will reduce the impact 
speed almost to nil, so that no main com- 
ponents are damaged. When its tanks are 
empty, the Saturn first stage will float. In 
this way, NASA technicians hope to make 
do with only ten experimental vehicles until 
Saturn becomes operational. 


Three versions 

According to information so far released, 
Saturn will be built in three versions: the three- 
stage C-1, the four-stage C-2 and the five- 
stage C-3 (see table). By a logical application 
of the “‘building block” principle, each later 
version will grow out of the previous one by 
the addition of a single new stage. The first 
stage is the same for all versions. It is 
designated S-1 and consists of eight Rocket- 
dyne H-1 engines, each delivering 188,000 Ib 
thrust. With a burning phase of 120 seconds, 
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this gives the mighty impulse of 2,256,000 
lb/sec. The fuel is RP-1 (kerosene), the oxidizer 
liquid oxygen. The second stage of C-1 bears 
the designation S-4 and will be powered by 
four Pratt & Whitney XLR 115 engines? 
giving a total thrust of 80,000 lb. The third 


A giant frame in the form 
of a spoked wheel, built 
of aluminium alloy 7075, 
forms the connecting link 
with the second stage. The 
spheres contain a rare gas, 
with which the kerosene 
and liquid oxygen tanks 
are kept under pressure. 


stage, S-5, will be built by Convair; it will be 
a modified Centaur upper stage with two 
XLR 115 engines. 

A very high energy fuel, liquid hydrogen, 
has been chosen for all the upper stages of 
Saturn. Given the present state of the art, the 
tasks allotted to the U.S. space programme 
can be carried out with chemical rockets only 
if the upper stages use such fuels. In addition, 
it has been demonstrated that the lower stages 
of a space vehicle designed for interplanetary 
missions provide the optimum boosters for 
missions near the earth. The Saturn pro- 
gramme therefore lays considerable stress on 
adaptability and extensibility. 

At the moment, a firm development contract 
has been placed only for the C-1. The C-2 is 
still on the drawing board, although Rocket- 
dyne recently received a contract to develop 
the engine for the new second stage. 

The C-3 version has still not yet passed 
beyond the project stage. It is, indeed, doubtful 
whether it will ever be built. Nuclear power- 
plants or engines such as the Rocketdyne F-1, 
one of which delivers the same thrust as the 
whole Saturn first stage, could open up new 
lines of development. The fact that they are 
restricting themselves to only three engine 
types with only two different combinations 
of propellant shows, however, that the 
Americans are taking the question of simpli- 
fication very seriously. Admittedly, other 
projects are still being investigated on paper, 





1 The figure after the ‘*S” denotes the position which 
the stage will occupy in the five-stage C-3. 


2 Cf. Interavia No. 2/1960, page 168 et seq. 
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but parallel developments are finding no 
favour with the authorities. 


The first stage 

The Saturn first stage is the largest thrust 
unit ever to be built ... at any rate in the 
West. There are no official data on Soviet 
boosters, though American experts estimate 
their thrust at 600,000 to 800,000 Ib. 

As booster size grows there is an increase 
not only in cost, but also in problems. 
Keeping 1.5 million pounds thrust under 
control is setting the technicians in Hunts- 
ville new tasks every day. 





The “‘building block” system for minimum development 
costs. Even in the basic C-1 version, the third stage is 
being taken over from the Centaur, which is already in an 
advanced phase of development. The insertion of a new 
stage, S-3, gives the four-stage C-2 version, and the addi- 
tion of S-2 the five-stage C-3. 


The particular difficulty in the case of the 
S-1 is that it is designed for a variety of tasks 
and is intended to operate with different 
combinations of upper stages and payloads— 
many of which have not yet been decided on. 
Centre of gravity, inertial moments, distri- 
bution and strength of the air forces, and 
track accelerations change with each new 
combination. Structure and powerplant must 
therefore be so designed that they do not 
constitute an impediment to further devel- 
opment. 

The George C. Marshall Space Flight 
Center at Huntsville is not only responsible 
for the development and testing of Saturn, 
but also plays an active part in its construc- 
tion. With the completion of the last Jupiter 
in July, 1959, the Center’s facilities became 
free for further activities and could at once 
be converted to build the S-1. Right from the 
Start, construction of this version was geared 
to the tools and equipment already available. 
The propellant tanks have the same diameters 
as those of the Jupiter and Redstone; from 
the construction point of view, their greater 
length requires fewer drastic changes. 


The S-1 will carry 750,000 Ib of propellant 
in nine cylindrical tanks. Around a central 
tank with a diameter of 105 inches are 
arranged eight tanks, each with a diameter 
of 70 inches. The central tank and four of the 


The H-1 liquid rocket 
engine with 188,000 Ib 
thrust on the test stand of 
North American’s Rocket- 
dyne Division. Powered by 
eight H-1s, the first stage 
of Saturn will deliver 1.5 
million pounds _ thrust, 
about four times as much 
as the most powerful U.S. 
booster in existence today. 


outer tanks contain liquid oxygen, the 
remaining four outer tanks kerosene. Cross- 
feed circuits between the two groups of tanks 
permit equalized filling and emptying and the 
diversion of propellants if one engine breaks 
down. The aft ends of the tanks are attached 
to an eight-legged thrust frame, which also 
supports the eight engines, arranged symmet- 
rically around the stage’s longitudinal axis 
in two groups of four. 


The thrust vectors of the rigidly attached 
inner engines make angles. of 3° to the 
booster axis. The outer engines serve for 
thrust vector control and can be turned 
through angles of about 10° by means of 
inertial guidance systems and _ hydraulic 
cylinders. In their normal position they are 
inclined at an angle of 6° to the axis. Each 
engine forms an individual unit with its gas 
generator, pumps, starter and regulators. 


The tanks are of aluminium alloy. The 
contour-milled tank walls are rolled into 
cylinders and welded together. Stiffening 
rings, perforated to form anti-slosh baffles, 
keep the walls from buckling. Finally, the 
hemispherical end bulkheads are mounted. 
The tanks are assembled with the aid of two 
tool rings, which are not removed until the 
vehicle is on the launching pad. Their rigid 
construction enables the tanks to transmit 
acceleration forces directly to the second 
stage. As, however, the oxygen tanks contract 
almost 214 inches when filled (owing to 
cooling), only one group of tanks, either the 
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oxygen or the kerosene tanks, can be used for 
carrying the thrust forces to the upper stages. 
The decision was taken in favour of the 
oxygen group, which also includes the central 
tank. 


Reliability 


The trajectory of a ballistic vehicle in a 
given field of force is determined by its 
attitude and speed on burnout, and the 
slightest deviation from the calculated path 
jeopardizes the success of the entire operation. 
Tolerances for a ballistic rocket designed to 
impact on the moon, for instance, are of the 
order of 150 m/sec burnout speed and 20 
minutes of arc attitude. There are, of course, 
unforeseeable circumstances, such as mete- 
orite impacts or radiation pressures, for 
which no provision can be made. Fluctuations 
in air forces can be countered by thrust vector 
control, as the rocket has normally penetrated 
beyond the atmosphere by the time its engine 
has burnt out. As the number of simultane- 
ously firing engines increases, the probability 
of breakdown in one engine rises. This 
reduced reliability is, however, more than 
offset if the booster can carry out its mission 
even after the breakdown of one (or more) 
engines. Here the considerations regarding 
the optimum number of engines are similar 
to those which apply to aircraft. In Saturn, it 
is the upper stages which put the payload 
capsule onto a precise trajectory; the first 
stage serves merely to penetrate the denser 
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layers of the atmosphere, and the tolerances 
for attitude and burnout speed can therefore 
be fairly wide. Even if one of the engines 
ceases to function immediately after launching, 
the inertial guidance system, operating via the 
swivelling engines, will keep the thrust vector 
within the necessary tolerances. In many 
cases the subsequent breakdown of a further 
engine can also be corrected. 


Among the most formidable sources of 
error in rockets are the starter and ignition 
devices. In place of the usual conglomeration 
of pneumatically actuated valves, relays and 
switches, the Saturn has a simple starter 
system actuated by a single electrical signal. 
To protect the structure of the rocket from 
the sudden shock of 1.5 million pounds thrust, 
the eight engines are not started simultane- 
ously, but in pairs, at intervals of a quarter 
of a second. To avoid asymmetrical forces, 
engines lying opposite each other are paired 
for starting. The electrical pulse first ignites 
a small solid-propellant motor, whose exhaust 
gases accelerate the turbopump to its rated 
speed in a fraction of a second. When 
operating pressure is reached, the propellant 
valves automatically open, leaving the way 
clear to the combustion chamber. At the same 
time, a small quantity of aluminium triethyl 
is injected into the combustion chamber and 
instantaneously ignites the engine. Each 
engine reaches its lift-off thrust within half a 
second, and less than two seconds elapse 
between the ignition of the first pair of engines 
and the moment the rocket leaves the ground. 
If the pressure in one of the combustion 
chambers does not reach the required level 
on starting, the engine turbopump is auto- 
matically shut down and the propellant feed 
system blocked. A sequence switch system 
then turns off the other engines. 


The H-1 engine is more simple than its 
predecessors. In a single stage of development 


The “terrestrial” trajectory of the first and second stages 
of Saturn. The first stage is assembled at Huntsville and 
then transported down the Tennessee, Ohio and Missis- 
sippi and through the Gulf of Mexico to Cape Canaveral 
(solid line). The second stage is first taken from Douglas 
Aircraft Company’s assembly line to Huntsville (dotted 
line), there it is tested and prepared for operation before 
likewise being sent to Cape Canaveral (solid line). 


—from the S-3D of Jupiter to the H-1 of 
Saturn—it was possible to reduce the number 
of main components to a tenth. Here it 
should be mentioned that the turbopumps are 
mounted on the _ swivelling combustion 
chambers, so that only the low-pressure, and 
not the high-pressure, lines need be of flexible 
construction. 


Space vehicles are ‘‘bulky’’ goods 


Paradoxically enough, Saturn, a vehicle 
designed for journeys millions of miles long, 
presents some very knotty problems when it 
has to travel on the surface of the earth. With 
its diameter of 21 ft 8in. and length of 82 ft, 
the first stage is a piece of merchandise which 


The eight engines of the Saturn first stage being test run at the George C. Marshall Space Flight Center at Huntsville, 


Alabama. 
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may indeed be qualified as “bulky.” It is not 
so much the length as the diameter which 
makes normal means of land and air transport 
impossible. This leaves only transport by 
water, which is, fortunately, near at hand: 
the Marshall Space Flight Center, where the 
first stage is assembled, lies not far from the 
navigable Tennessee River, a tributary of the 
Ohio. 

On a barge specially constructed for the 
purpose, the booster will be floated down the 
Tennessee, Ohio and Mississippi into the Gulf 
of Mexico and around the Florida peninsula, 
finally reaching Cape Canaveral via the 
Banana River—a 2,200 mile journey lasting 
three weeks. The distance between Huntsville 
and Cape Canaveral as the crow flies is, 
incidentally, 600 miles. The S-1 could, it is 
true, be transported by air in sections, but it 
would then have to be reassembled on the 
launch pad, a procedure which would require 
further test runs, checks, pressure tests and 
similar costly and time-wasting work. Trans- 
port by water is still the cheapest solution. 

An even longer Odyssey awaits the second 
stage of Saturn. Assembled at Douglas’s 
Santa Monica plant in California, it will be 
brought by ship through the Pacific, the 
Panama Canal, the Gulf of Mexico, the 
Mississippi, Ohio and Tennessee to Hunts- 
ville, there checked and prepared for opera- 
tion, and finally—as above—transported to 
Cape Canaveral—a journey of 10,000 miles. 


Quantity production in 1964 


After a series of static test runs, Saturn will 
undergo tests on a “dynamic rig.” This 
installation will be used to train maintenance 
crews, study assembly problems, make vibra- 
tion and flexing measurements and investigate 
the behaviour of cryogenic liquids during 
lengthy storage. 

The first launching of a Saturn first stage 
is scheduled for the second half of 1961. To 
simulate the dynamic conditions occurring 
with a complete vehicle, the rocket will carry 
full-scale dummies in place of the upper 
stages. The next two experimental vehicles, to 
be launched in 1962, will still have dummy 
upper stages. For all three tests it is planned 
to fire the engines with decreased thrust 
(about 1.3 million pounds). 

Test vehicle number 4, which will be the 
first to operate on full thrust, will have a 
genuine second stage and a dummy third 
stage. The seventh test vehicle will have all 
three stages. The launching programme is as 
follows: 




















Vehicle Number of tests 

| 1961 | 1962 | 1963 | 1964 
S-1 + dummies | 1 | 2 
S-1 + S-4 + dummy | +t Es 
S-1 + S-4 + S-5 | | 3 
Prototype of production | 
Saturn | 1 








If all goes well, from 1964 onwards NASA, 
and with it the Western world, will have in 
Saturn a versatile and extensible booster for 
high payloads, giving space research a “‘new 
impetus” —in the fullest sense of the word. 
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One good service deserves another 

BEA carry 26°, of Europe’s scheduled air traffic—nearly 2 million international 
passengers in a year; and they do so on a sound economic basis, proved 

by a substantial profit record. AIR BP assists BEA to run profitable services 
by reducing costly time on the ground. Fast, accurate AIR BP fuelling, 

using the newest methods, cuts costs on Comets to Athens and at 


most of the other 82 destinations within the BEA network. 


... fast fuelling 
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BENDIX CDC 
POSITION AND 


FOR AUTOMATIC 
OF HIGH-SPEED 


Bendix” CDC Position and Homing Indicator 
(PHI) is an advanced instrument system designed 
to provide navigation and technical guidance for 
high-speed fighter aircraft in a variety of oper- 
ational roles. PHI performs its function by auto- 
matic dead reckoning, operating from sources of 
information contained entirely within the aircraft. 

An integrated navigational system, Bendix 
CDC PHI automatically assimilates, interprets 
and processes information from a number of 
sources such as Doppler Radar, an Inertial Plat- 
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form, and Air Data Systems. It also provides 
facilities for operation with TACAN, ADF, and 
Data Link. PHI’s main advantage is that the 
already-busy pilot need not correlate this informa- 
tion and perform the relative manual calculations. 

The Bendix CDC PHI system provides instan- 
taneous selection of pre-set navigational refer- 
ence points. Destinations are selected by a single 
control, while position and steering information 
relative to the selected point is displayed con- EES + 
tinuously on a range and bearing indicator. 








X PRIMARY TARGET FEATURING oe 


1, Instantaneous course and distance to 
any of a number of pre-set points 
Continuous homing indications to base, 

* alternate bases, or targets 
Freedom to switch to other pre-set 

~” destinations without loss of accumulated 

navigation data 


es sa No map reading or calculations 
Nt * performed by the pilot 
il SECONDARY 5. Completely self-contained soe ® 
= TARGET ground aids required 

Transistorized for light weight and 

* reliability 
Immune to radio interference or 

* jamming 


Manufactured by Computing Devices of Canada, Limited 
Affiliate of THE BENDIX CORPORATION 





“Send y ae DIVISION 


205 E. 42ND ST., NEW YORK 17, N.Y., U.S.A. CABLE ADDRESS: “BENDIXINT” 
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Wiehe WIP IB “152 ” 

, ISG 
HAodhiner 
offers: maximuns comfort and luxury at cruising speeds of over 500 m.p.h., operating reliability, 
dependability and economy — short take-off‘and landing distances. 


We supply aircraft, aircraft equipment and accessories, airfield and other ground equipment, and 
sailplanes — all of tried and trusted quality. 





TECHNOCOMMERZ G.M.B.H., BERLIN C2, Rosenthaler Str. 40/41, Telegraphic address: Technocommerz 
Berlin, Telex 011-480 GERMAN DEMOCRATIC REPUBLIC 
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NASA’s Ten-Year Programme 


— up to a little more than two years 
ago American space research was still primarily 
an affair of the military, today the main portion 
of the programme is under the control of a civilian 
agency, the National Aeronautics and Space 
Administration. 

Awakened by the world-wide echo which 
followed the radio signals from Sputnik and 
Lunik, America’s politicians tried, by a strict co- 
ordination of space research, to make good in a 
few months for what they had failed to do 
over the preceding years. One by one, first the 
Navy, then the Air Force and finally the Army 
saw a large proportion of their space scientists 
and research installations withdrawn from their 
control and handed over to NASA. When first 
set up on October Ist, 1958, on the basis of the 
former National Advisory Committee for Aero- 
nautics, NASA had a staff of roughly 8,000. 
By the time the reorganization is complete in 
July 1961, its payroll will have reached the figure 
of nearly 19,000. 


In future NASA is to be responsible for all 
research projects directly concerned with space 
travel, with the exception of purely military 
projects, which will continue to be shared among 
the three armed services. The Air Force is work- 
ing on military booster rockets and developing 
the Midas early warning satellites and the Samos 
reconnaissance satellites; the Navy is responsible 
for the Transit navigation satellites, while the 
Army is engaged on development of Courier active 
communications satellites. 

It is, of course, impossible to make a clean 
separation between military and civil projects. For 
example, the Transit, now being developed by the 
military, will one day be of service to merchant 
shipping; and conversely the Department of De- 
fense is showing lively interest in many a civil 
project. 

Although NASA has been entrusted with the 
task of directing space research, is does not carry 
out anything like all the development work itself. 
In fact, some 75 percent of the $12,000 to $15,000 
million envisaged for NASA during the next ten 
years will flow into the tills of private industry, 
which will be given ample opportunity to compete 
for research, development and manufacturing 
contracts. 


To provide a working basis for further detailed 
planning and at the same time give industry 
guiding lines for independent research, a ten- 
year programme has been drawn up. The ob- 
jectives, in the words of Hugh L. Dryden, NASA’s 
Deputy Administrator, are as follows: 


e “To produce scientific data on the space 
environment, the sun, earth, and planets, and 
the galaxy, using unmanned spacecraft equip- 
ped with instrumentation and telemetry to 
relay data to the ground. 

e “To study early applications of earth satellites 
to meteorological research and weather fore- 
casting, long-distance wide-band radio com- 
munication, navigation, and similar tasks. 

e “To explore the problems connected with the 
travel of man in space.” 

To make sure that this ambitious programme 
can be completed within the coming decade, 
the amount of new hardware to be developed 
has been closely limited. This applies most parti- 
cularly to the booster vehicles, development of 
which is not only extremely costly but also rela- 
tively time-consuming. Whereas it will doubtless 
be necessary to design a separate payload capsule 
for each research task, detailed studies of the 
propulsion problems have shown that half a 
dozen types of booster vehicle will suffice. It is 
therefore planned that from 1963 onwards efforts 
will be restricted to the Scout, Thor-Agena B, 
Atlas, Atlas-Agena B, Centaur and Saturn, which 
are already in a more or less advanced develop- 
ment stage. 

Scout is a four-stage solid-propellant rocket 
capable of lifting a 150-lb payload to a 300-mile 
earth orbit, and will also be used as an altitude 
probe. In the next thrust class, the military 
Thor-Agena B is scheduled to replace today’s 
Thor-Able, Delta and Juno II and to carry 
geophysical and meteorological satellites into 
orbit. The Atlas is used in Project Mercury, 
but would not be suitable for higher orbits. De- 
signed originally as a booster vehicle for Midas 
and Samos, the Atlas-Agena B will also be used 
for civilian purposes, though it will later be 
replaced by the Centaur. The latter, for the de- 
velopment of which NASA is responsible, consists 
of an Aflas as first stage and a second stage using 
the high-energy propellants liquid hydrogen and 
liquid oxygen. A detailed account of the Saturn 
is given in the preceding article. Finally, Nova 
with a first stage thrust of 9,000,000 Ib, represents 
the highest thrust class envisaged. Nova could 
lift a payload of 290,000 Ib into a 300-mile earth 
orbit or carry a manned capsule for a soft landing 
on the moon with subsequent return to earth. 

Designations and objects of the projected space 
vehicles are given in the diagram on page 1368, 
which can be supplemented by the following brief 
timetable (booster vehicles are shown in brackets). 
1961: First launching of the Thor-Agena B, Atlas- 

Agena B and Centaur; First circuit of the 





earth by a manned Mercury capsule (At- 
las); 
First launching of the Nimbus weather 
satellite with constant attitude in relation 
to the earth (Thor-Agena B). 
1962: First launching of a three-stage Saturn 
with dummy third stage; 
Ranger moon probe for softened impact 
(Atlas-Agena B); 
Mariner instrumentation capsule to the 
vicinity of Venus or Mars (Centaur). 
1963: First launching of a three-stage Saturn 
with all stages ignited; 


OGO earth satellite(s) for geophysical 
measurements (Aftlas-Agena B); 





Organization of the National Aeronautics and Space 
Administration. Figures denote number of staff. 


1963: OAO earth satellite for astronomical 
observations (Atlas-Agena B); 

Group of 12 Rebound passive communi- 
cations satellites (Atlas-Agena B); 
Surveyor moon probe for soft landing and 
stationary measurements (Centaur). 

1964: First production model of the Saturn; 
Aeros 24-hour orbit satellite (Centaur ) ; 
Instrumentation capsule around the moon 
and return to earth (Centaur); 

Venus or Mars probe. 

1965: First flight testing of a nuclear rocket for 
upper stages (possibly Saturn). 

1966: Three-man Apollo capsule in earth orbit 
(Saturn); 

Prospector lunar probe for soft landing 
and movements on the moon’s surface 
(Saturn); 

Voyager probe to Venus or Mars (Saturn). 

1967: First launching of the giant Novavehicle(?); 
Circuit of the moon by a manned capsule, 
probably Apollo (Saturn ?). 

1968—70: Landing of a man on the moon 
(Nova?). 


+ 
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Fair to Cloudy... 





Earth Satellites in the Service of Meteorology 


The profession of meteorologist must without a 
doubt be among the most thankless of our days. 
For it is his task to forecast one of the most 
complicated physical processes known to man: 
the weather. Not only have atmospheric phe- 
nomena so far eluded all our attempts to influence 
them; they also depend on ever-changing factors, 
many of which are only approximately pre- 
dictable: air pressure, temperature, humidity, sun- 
shine, etc. Professor Jean Lugeon, Director of the 
Swiss Central Meteorological Office, has ex- 
pressed this very aptly: “‘If these factors were the 
keys on a piano, one could play on them an 
infinite variety of tunes which would never 
resemble one another. Thus the elements of our 
atmosphere combine every hour to create a new 
symphony.‘*! This being so, it is all the more 
remarkable that 80 percent of short-term weather 
forecasts for one or two days in advance are 
correct. 

While the public is more interested in the general 
trends of weather evolution, such as rising or 
falling temperatures or the state of precipitations, 
others require meteorological stations to furnish 
quantitative forecasts, undoubtedly a more com- 
plicated task. But experience has shown that here, 
too, highly satisfactory results can be obtained. 

The scientific weather forecast of today is 
based on the statistics of past experience. The 
meteorologist does not restrict himself to con- 
ditions in a local area, but compiles a weather 
map from the data received from a number of 
observation stations. With the aid of one or more 
of these maps, each of which represents, so to 
speak, a snapshot of the weather process, the 
experienced scientifically trained meteorologist can 
estimate its further evolution with a reasonable 
degree of certainty. For long-term forecasts 
covering a period of several days, the experience 
and memory of one man are inadequate. What 
a man does not know, however, he can look up. 
In other words, the meteorologist looks in his 
files for a ‘historical’? weather map correspond- 
ing as closely as possible to the weather situation 
in which he is interested, and bases his forecasts 
on the evolution of the weather situation recorded 
at that time. 

Although this procedure is better than nothing, 


1 Interavia No. 6/1954, p. 364 
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it cannot be satisfactory in the long run, and the 
scientist must therefore look out for new solutions. 
Development is at present under way on a pro- 
cedure which employs a completely new approach 
and holds out hopes of a final solution to the 
problem of accurate weather forecasting. The 
atmospheric processes are the result of an inter- 
action of forces and energies, which affect the 



















The three-stage Thor-Able 
carrying the Tiros I 
weather satellite was 
launched from Cape Ca- 
naveral in the early morn- 
ing hours of April Ist, 1960. 


air masses and determine their movements and 
changes in state. It is therefore pertinent to con- 
sider the atmosphere as a heat engine in which 
the working medium and the power consumption 
unit are one and the same. In this case, we can set 
up a heat balance and calculate the atmospheric 
processes with the aid of known equations from 
fluid dynamics and thermodynamics. 
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Theoretically, there is no objection to this. Its 
practical application, however, is faced by a 
seemingly impenetrable barrage of difficulties. 


Let us begin with the energy equation. It must 
take account of the following forms of energy: 
sunlight, kinetic energy of air masses, stored 
heat, radiation of heat into space, condensation 
heat in fog droplets, sublimation heat from snow 
or hail, the heat conducted from the atmosphere 
to the earth and absorbed by the latter, friction 
heat, and finally electrical energy. And as if all 
this were not already complicated enough, each of 
these terms depends on the others and on a series 
of further factors. The heat radiated by the sun 
into the atmosphere, for instance, not only varies 
with season and time of day, but also depends 
largely on the presence of absorbent and reflecting 
surfaces (snow, cloud cover, etc.). 


Similar difficulties arise in fluid flow equations. 
Even in the case of air flow around an aircraft 
wing —a relatively simple, mathematically defin- 
able body—theory often breaks down (as in the 
case of high angles of attack), and the aerodyna- 
micist must resort to systematic experimentation. 
How much less favourable must seem the pro- 
spects of calculating the air flow in the atmosphere 

which depends largely on imponderable 
influences —as it passes over the irregular surface 
of the earth. 


Fortunately, certain simplifications can be 
made. As any weather map will show, the in- 
numerable local processes are less important 
than large-scale movement in defining a given 
meteorological evolution. 


If the ‘analytical’? method just mentioned 
should really be capable of extension—and 
meteorologists are working at high pressure in 
this direction —it will suffice to consider large air 
masses as units and apply the corresponding 
equations to them. 


Patchy information 


The difficulties of meteorological research have 
so far lain on the purely practical side, and the 
assessment of the weather situation has left a 
certain amount to be desired. Although, in general, 
the instruments at a ground station uninterrup- 
tedly record data such as temperature, pressure, 
humidity, direction of wind etc., they do so only 
at one spot. Admittedly, the observation of cloud 
structure supplies further points of reference, and 
radio sondes give a picture of conditions at 
various altitudes. The fact remains, however, 
that all weather maps indicate the true situation 
merely at a given number of points, namely 
at the positions of the meteorological stations, 
and that only with an approximate degree of 
accuracy. The full significance of this circumstance 
will be appreciated when it is known that only 
one fifth of the earth’s surface has an adequate 
network of observation stations for the plotting of 
reliable weather maps. The remaining four fifths 
are more or less unexplored regions, so to speak 
“blank patches” on the meteorological map of 
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14. Cloud cover over the 
Swiss Alps 
15. Cloud cover over Turkey 
16. Cyprus 
17. Israel 
. Port Said 
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From the North Atlantic to Asia Minor ... the weather situation at a glance: the two series of photographs were taken 
by Tiros I during its 14th and 15th orbits. A vast low pressure area lies over the Atlantic (1), marked by a spiral cloud 
structure. Unbroken cloud cover over France and England (2) and over Switzerland (14) and Turkey (15) appear as 
white patches, while the Mediterranean (6) looks almost black. 


the world. Even between stations lying close 
together any information supplied can be only 
approximate, so that all weather maps bear the 
inherent stigma of inaccuracy. 


But for a long-term weather forecast a knowl- 
edge of the weather situation in at least one 
hemisphere, if not over the entire face of the 
earth, is an essential requirement. If a forecast for 
one to three hours can be deduced from the evo- 
lution trends at one spot, weather conditions 
in an area with a radius of hundreds, or even 
thousands of miles must be known in order to 
make a ten- or twelve-hour forecast. For example, 
a 12 to 24 hour forecast for Geneva would have 
to take account of the weather situation in Eu- 
ropa, North Africa, the North Atlantic and the 
Arctic. In the light of the most recent research, 
however, long-term forecasts can be made more 
reliable only if information is available on a 
global scale. 





Space provides the solution 


It was left to modern rocket techniques to 
show the way out of this dilemma and, in the 
fullest sense of the word, to open up new horizons 
for meteorological research. The instruments 
carried by earth satellites can “look down” on 
the atmosphere from great heights, taking in an 
area of nearly 400,000 square miles at a glance. 
On the other hand, the tasks of a satellite moving 
outside the “interesting”? part of the earth’s 
atmosphere must be limited to observations and 
measurements which can be transmitted over 
long distances with the aid of electromagnetic 
waves. Local air pressure measurements will still 
be the province of the ground stations, at least in 
the foreseeable future. Of the whole electro- 


2 The portion of the atmosphere which is of decisive 
importance to the evolution of weather extends from the 
earth’s surface to a height of about 40 miles. 
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magnetic spectrum, the range of visible light has 
been the first to become available for telemetry. 


Surprisingly regular cloud patterns 


Even the first pictures taken from ballistic 
rockets indicated that the structure of cloud 
formations was far more regular than had 
originally been assumed, and it is understandable 
that the Americans put equipment to photograph 
cloud cover aboard their first meteorological 
satellite, Tiros I, placed in orbit on April Ist this 
year. Tiros stands for “Television and Infra-Red 
Observation Satellite,” a definition which, strictly 
speaking, the satellite does not merit, as its infra- 
red sensors are not designed for photography. 
Tiros’s task was merely to supply as large as 
possible a number of clear cloud pictures. 


It is possible to take cloud pictures from earth 
satellites because clouds normally reflect visible 
light far more powerfully than the earth’s surface. 
Areas of water, for instance, at times reflect only 
3 percent of the light falling on them; clouds 
reflect 10 to 85 percent, depending on structure 
and density. Fresh snow will, however, reflect 
up to 80 percent of the light falling on it, so that 
a clear distinction cannot always be made. 


Surprisingly enough, the pictures radioed back 
to earth by Tiros show that cloud systems over 
a wide area have a very definite pattern. Although 
it had been discovered from earlier radar 
observations that tropical cyclones are charac- 
terized by spiral-shaped bands of cloud, Tiros’s 
wide-angle pictures clearly showed that large 
cyclones outside the tropics also have this spiral 
structure. Cloud spirals with diameters of up to 
1,500 miles were discovered over the Atlantic, 
the Pacific and the Indian Ocean. 


The discovery of this high degree of organization 
in the atmosphere confirms meteorologists in 
their conviction that they are working along the 
right lines in developing numerical forecasting 
methods. While a large number of ground sta- 
tions are available for the observation of the 
relatively irregular weather processes over land, 
the movements of air masses over the open sea, 
which are difficult to follow from the ground, 
can be detected by satellites in their entirety. 
Even “‘primitive’’ cloud monitors like Tiros J can 
perform valuable services, particularly in the 
storm warning role. At present, cyclones in re- 
mote and little frequented parts of the oceans are 
brought to the meteorologist’s notice days after 
they begin to develop, mostly through a chance 
report from a ship or aircraft. 


Although even the earliest cloud pictures have 
made it possible to recognize unsuspected 
meteorological processes, more richly instru- 
mented satellites will give a more penetrating 
insight into the complicated mechanism of the 
atmosphere. 


Tiros IT, which is scheduled for launching this 
year, will have, in addition to its television 
camera, infra-red sensors to monitor thermal 
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Tiros I undergoes a vibration test before launch. The outer 
casing and top plate (not visible here) are covered with 
9,300 photo-electric cells, which can supply up to 50 
watts of electrical energy. 


processes, and equipment for measuring the 
intensity of radiation in selected spectral ranges. 


Infra-red sensors to probe heat distribution 


As already mentioned, the long-term forecast- 
ing process under development is based on the 
energy or heat balance in the atmosphere. AI- 
though observations using visible light give a 
good picture of horizontal flow processes, since 
the bands of cloud more or less follow the lines 
of air flow, only infra-red measurements can 
furnish essential information on thermal pro- 
cesses. The energy radiated by a body depends 
on its temperature and emissivity. As a rough 
approximation, many clouds and the earth’s sur- 


Isolated clouds throw a hard shadow on the earth’s 
surface. Cloud height can be determined by measuring 
the width of the shadow. 



































face can be considered as “black bodies’’ (emis- 
sivity one), so that an infra-red photograph would 
be simply a picture of the distribution of temper- 
ature in the area photographed. If the clouds 
were always colder than the earth’s surface 
beneath them infra-red cameras could take similar 
pictures by night to those taken by Tiros / in 
daylight. 


The conditions just mentioned generally apply 
in the tropics. In polar regions, on the other 
hand, clouds often have a higher temperature 
than the ice beneath them, and in many cases 
there is no difference at all between cloud temper- 
atures and those in the earth’s surface. This 
difficulty might, perhaps, be overcome through 
the use of selective receivers which would respond 
only to those infra-red waves radiated from the 
earth’s surface but absorbed by the clouds. A 
photograph taken at night would thus show the 
clouds dark against the light, “visible” surface 
of the earth, though the problem of distinguish- 
ing snow-covered land from clouds of the same 
temperature would remain unsolved. 


It is therefore obvious that many a tough nut 
will have to be cracked before the highly promising 
numerical forecasting system can be put into 
operation. 


The “‘first’’ meteorological satellite system 


There nevertheless exists an interim solution 
in the form of a procedure proposed at the last 
IAF Congress in Stockholm, which could sub- 
stantially improve current forecasting methods 
by the use of earth satellites. * 


With this procedure, known as the “first 
meteorological satellite system,’’ two constantly 
“downward-looking”’ satellites would circle the 
earth on two polar orbits at right angles to each 
other at altitudes between 2,000 and 4,000 miles, 
continuously photographing the regions covered. 
As even “small” cyclonic storms extend over 
several hundred miles, a resolution of one to 
five miles would be adequate. 


As the trajectories would intersect over the 
poles, only one ground station would be neces- 
sary to receive the data collected by the satellites. 


This “‘world meteorological station” would 
have to be at a high latitude, for example in 
northern Scandinavia or Alaska. Forecasts would 
be worked out at the station and broadcast all 
over the world by radio; they could even be ra- 
dioed back to the satellite, stored and finally 
retransmitted to earth, doing away with the need 
for a ground network of transmission stations. 
Forecasts would then, as before, be made by 
existing analogical methods, i. e., on the basis of 
similar historical weather processes, supported, 
however, by far more comprehensive information 
than that which ground stations are at present 
able to supply. Owing to the enormous number 
of individual data which go to make every photo- 
graph of an extensive area, a complicated com- 


3 The Meteorological Satellite, by R.P. Haviland, General 
Electric Co., Schenectady, N.Y. 
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Tiros | weather satellite 


The successful launching of the 270-lb Tiros 1 
earth satellite on April Ist, 1960 introduced a new 
era in meteorology. 

Within its “active” life of less than three months 
Tiros I transmitted a total of 22,952 cloud photo- 
graphs, including 17,137 wide-angle pictures which 
revealed a number of hitherto unknown meteoro- 
logical processes. The complete evaluation of this 
photographic material will take years. 

Thanks to the reliable functioning of its guidance 
system, Tiros I came very close to reaching the 
desired trajectory. The planned inclination was 
missed by only 0.04 degrees. Characteristics of the 
orbit were: inclination (to the equator) 48.33 
degrees, apogee 469 miles, perigee 428 miles, orbital 
period 99.2 minutes. 

Tiros I carried in its base two television cameras, 
one of them a wide-angle camera to cover an area 
of 650,000 square miles, and the other a camera 
with longer focal length for detail pictures. Each 
had a magnetic tape recorder which stored up to 
32 pictures. The storage system was required be- 
cause there were only two ground stations—Fort 
Monmouth, New Jersey and Kaena Point, Hawaii 
—available for reception of the pictures. Direct 
connections with the satellite were thus restricted 
to short periods at long intervals. 

Thanks to a sequencing system operated by 
radio commands, the cameras could also be used 
when the satellite was outside the “‘hearing’’ range 
of a receiving station. At these times, however, it 
was not possible to take individual pictures at 
arbitrary intervals, but only series of pictures. On 
the other hand, during the short periods of radio 
communication between the satellite and the earth, 
isolated photographs could be “commanded” 
from the ground, then being transmitted direct 
without passing through the storage system. Two 
frequency-modulated transmitters (200 Mc/s band), 
each of two watts power, were used. 

Being spin-stabilized, Tiros J constantly changed 
its attitude in relation to the earth. The cameras 
were installed in such a way that their optical axes 
were parallel to the satellite’s axis of rotation. 
With the aid of calculated or measured data on the 
position of the satellite at the time of a photograph, 
each area photographed could be accurately identi- 
fied, provided the location in space of the satellite’s 
axis of rotation remained unchanged. However, 
this position changed gradually, owing to outside 
influences such as radiation pressure, magnetic 





moments and variations in the field of gravity. 
Thus in order to ensure that the transmitted pic- 
tures could still be accurately located geographic- 
ally, i.e., that the momentary position of the optical 
axis could be reconstructed, the circumference of 
Tiros I carried infra-red sensors which produced 
a pulse when heat radiated from the earth reached 
them. The length of the pulses and the intervals 
between them enabled rotation speed and position 
of the satellite’s axis to be accurately determined. 

This system successfully located the centre of 
the area photographed, but not the angle from 
which the picture had been taken, as the camera 
continually rotated about the satellite axis. To 
overcome this difficulty, nine photo-electric cells 
were fitted round the circumference of Tiros, on 
each of which the sunlight fell for a moment during 
each rotation of this satellite. Each cell emitted a 
characteristic pulse, which was transmitted to 
earth along with the pictures. The computer in 
the ground station then ascertained the north 
direction in each picture. 

The energy to operate the satellite systems was 
provided by 9,300 silicon cells on the casing. With 
the satellite in optimum position in relation to the 
sun they supplied roughly 50 watts of current. 
Nickel-cadmium elements served as batteries. 

Each camera system with its storage and trans- 
mission equipment could work entirely independ- 
ently of the other. This proved a blessing only ten 
days after the launching, when the storage equip- 
ment for the narrow-angle camera ceased operat- 
ing. Surprisingly enough, it resumed working a 
few weeks later. 

At the end of June the wide-angle camera 
system broke down. Although the second camera 
still appeared to be operational, no further picture 
transmissions were made. Without the aid of the 
wide-angle camera and without attitude informa- 
tion—the relevant sensors had also failed—there 
seemed little prospect of accurately fixing the 
geographical situation of the areas photographed. 

Though originally sponsored by the Pentagon’s 
Advanced Research Projects Agency, Tiros I was 
taken over by NASA in April 1959. The actual 
satellite was developed by Radio Corporation of 
America in close cooperation with the Army Signal 
Research and Development Laboratory, while the 
U.S. Weather Bureau is responsible for the 
meteorological part of the programme and for 
the evaluation of the cloud photographs. +. 


Sectioned drawing of the TIROS /.-1. One 
of the two half-inch Vidicon television 
cameras; 2. wide-angle camera lens; 
3. tape recorders; 4. electronic timer for 
operational sequencing; 5. television 
transmitter; 6. chemical batteries; 
7. camera electronics; 8. tape recorder 
electronics; 9. control circuits; 10. 
auxiliary controls; 11. power converter 
for tape motor; 12. voltage regulator; 
13. battery charging regulator; 14. aux- 
iliary synchronizing generator for tele- 
vision; 15. transmitting antennas; 
16. receiving antenna; 17. solar sensor 
to measure position of satellite with 
respect to sun; 18. solar cells; 19. de- 
spin mechanism; 20. spin-up rocket. 
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parative and selective process is necessary. The 
method normally used in classifying fingerprints 
could serve as a model for such a procedure. 


The “second” meteorological satellite system 


As scientific knowledge progresses, it will 
finally become possible to pass on to the “‘numeri- 
cal” forecasting system mentioned earlier: here 
the indispensable requirements will be a thorough 
knowledge of the mechanics of the atmosphere 
and the measurement of different forms and 
movements of energy. The measurement of solar 
energy reaching the earth and energy radiated 
or reflected from the earth into space should 
not present insuperable difficulties, and here a 
scanning technique for measuring local values 
would be preferable to the measurement of an 
average value over a wide area, as it would also 
take account of limited local phenomena. In 
addition, the kinetic energy of air masses could 
be determined indirectly, for instance by filming 
cloud movements. 


For the measurement of water vapour content 
in the atmosphere, spectral analysis is available, 
particularly at radar and infra-red frequencies. 
Here use is made of the fact that water vapour, like 
any other gas, absorbs certain wavelengths. To 
avoid falsification of the measurements by other 
types of absorption, they could be carried out 
on two neighbouring frequency bands, only one 
of which is absorbed by water vapour. Knowl- 
edge of the height of a cloud base would also 
provide information on the moisture content 
of the atmosphere. It appears possible to deter- 
mine the heights of clouds above the earth’s sur- 
face with the aid of earth satellites when the clouds 
cast a clearly visible shadow. When the angle of 
incidence of the sun’s rays is known, cloud height 
can be calculated by a simple formula from the 
length of the shadow and the angle from which 
the photograph is taken. But this requires the 
television camera to have an exceptionally high 
resolution, as the areas to be measured can, on 
occasion, be well under a hundred yards. 


A direct measurement of surface air pressure 
from satellites would appear impossible, although 
under certain circumstances the flow equation 
method might have some chances of success. 
Such equations provide a relationship between 
pressure, density and speed of the fluid medium. 
A means of measuring speed has been mentioned 
above. Determining the density of the atmosphere 
seems possible with the use of the absorption 
spectrum, this time not for water vapour but for 
oxygen or nitrogen. 


Finally, storms or other electrical phenomena 
in the atmosphere can be detected by measuring 
their radio noise. 


It is true that the way to 100 percent reliable 
weather forecasting is long and hard. But even 
the relatively modest success of Tiros I holds 
out hopes that within a few years satellite tech- 
niques will benefit the man in the street. and 
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“Cyclone-Prints* from 
Satellite (Tiros I) 


By Sigmund Fritz, U.S. Weather Bureau, 
Washington, D.C. 


‘Tow I was launched on April Ist, 1960 and 
obtained cloud pictures of excellent quality with 
both its narrow-angle and wide-angle cameras. 
In every instantaneous exposure, each of the wide- 
angle cloud pictures revealed phenomena covering 
thousands of miles, in resplendent detail. Although 
Tiros I did not yield the sought-after, daily, world- 
wide coverage, it photographed many kinds of 
terrain and climes, stretching from about 
latitudes 55° N to 55°S. It saw and reported 
cloud systems in the tropics and in mid-latitudes; 
it saw ice in Canada and the hot land in Africa; 
it televised oceanic and desert regions, and 
mountainous and coastal areas. The photo- 
graphed cloud patterns ranged in size from the 
large-scale vortex to the mesoscale local severe 
storm and the small-scale cumulus cloud. 

The clouds revealed by Tiros were produced by 
physical processes in the atmosphere. In general, 
moist air in the presence of adequate upward 
vertical motions will result in cloud formations. 
But whether large-scale cloudiness or clouds of 
a more local nature are formed, or whether 
stratiform or cumuliform clouds are produced, 
depends on several factors including the three- 
dimensional temperature, moisture, and wind 
structures of the atmosphere. Thus it should be 
possible to examine the photographs and cull 
from them significant meteorological information 
about the state of the atmosphere which was 
associated with the particular cloud patterns 
under study. Moreover, in some special cases the 
cloud systems seen in the pictures resemble 
phenomena which have been studied in theoretical 
and laboratory investigations; in those cases it 
will be valuable to compare the state of the 
atmosphere which produced the clouds in the 
pictures with the theory and with the laboratory 
results. Where the results found from Tiros do not 


Figs. 1 and 2: Typical cloud systems over the northern 
(left) and southern (right) hemispheres. All pictures were 
taken by the Tiros / weather satellite. 
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agree with previous investigations, further 
research into the basic fluid mechanics will be 
needed before the atmospheric processes which 
produced the clouds can be adequately under- 
stood. Thus Tiros I is leading the way to basic 
investigation of the atmosphere from space 
platforms. 


Among the most striking cloud patterns seen 
in Tiros pictures are the large-scale cyclonic 
vortices —vortices whose spiral bands sometimes 
reach over a thousand miles in diameter. The 
vortices often have common characteristics; yet 
they are all different. It’s as though each cyclone 
which spawned the cloud vortex has its own 
*‘cyclone-print,”’ just as each person has his own 
“‘finger-print’’; in both types of prints there are 
similarities —yet each print has its own identifying 
characteristics. A collection of such “cyclone- 
prints” is shown in figs. ] and 2. Fig. ] contains 
examples of Northern Hemisphere vortices, while 
fig. 2 shows some in the Southern Hemisphere. 


The presence of moist or dry air, the relation 
of spiral and other bands to the wind flow and to 
the “‘jet stream,” the existence of weak or strong 
frontal zones—these and other meteorological 
phenomena can be inferred from the cloud 
pictures. For example, fig. /b represents the 
clouds associated with an occluding cyclonic 
system in the middle of the United States; a 
marked frontal cloud separates the cloudless, cold 
air (dark area in center) from the warmer moist 
air to the right. Fig. Jd is one frame from a series 
of pictures taken over an old storm in the Atlantic 
ocean. A part of the stratiform cloud which 
surrounded the entire storm can be seen at the 
left and in the lower right corner. This stratiform 
cloud was coincident with a stream of warm moist 
air; but the central part of the storm, associated 
with the less uniform cloud mass in the centre of 
fig. 1d, contained a deep mass of cold dry air. 
When warm and dry air lie side by side with the 
winds flowing cyclonically around the cold air, it 
is known that the wind will increase with height 
near the boundary between the warm and cold 
air. Thus a region of relatively high winds, 
sometimes resulting in a “‘jet stream,” can usually 
be found in such areas. And in the case of the 
storm associated with fig. /d, it was indeed found 
that a region of high winds, of about 60 knots at 
17,500 feet, increased near the inner edge of the 
stratiform cloud. Similar regions of high winds 
have also been fcuid near boundaries in fig. /c, 
and near still other frontal zones. The cloud 
system in fig. 2c is similar in general appearance 
to the clouds in the Atlantic storm described 
above. A stratiform cloud practically encircles 
the storm, while a more broken cloud mass resides 
in the middle; a relatively cloudless area separates 
the stratiform cloud from the central cloud area. 
One might perhaps therefore expect that a warm 
moist air current surrounds a deep cold mass of 
air in the centre; and one might in that case also 
expect a region of relatively high winds near the 
boundary between the stratiform cloud and the 
relatively cloudless (dark) area. 


Another storm of interest is the typhoon cloud 
system shown in fig. 2a. In this case the existence 
of a storm north of New Zealand was known; 
Tiros was therefore programmed to televise this 
storm which turned out to be the first typhoon 
ever photographed from a satellite. 


An interesting discovery in fig. / fis that at least 
some of the dark bands represented secondary 
fronts. 





Fig. 3: The Straits of Gibraltar; right, the Mediterranean 
coast of Spain; left, Morocco; in the rear the Atlantic 
Ocean. A bank of cloud (white) lies over Portugal. 





Fig. 4: The African continent shows bright against the 
dark Atlantic. Picture shows the coast of Mauretania 
between Cape Blanco and St. Louis. 


Many additional phenomena have been found 
in the Tiros pictures. For example, a broad band 
of clouds between two intense cyclonic systems 
in the Pacific was photographed and found to 
resemble classical cyclone models. A widespread 
cloud configuration (fig. 5) covering thousands 
of square miles which looks very much like the 
Bénard cells produced in the laboratory, but 
which doubtless is produced in a much more 


Fig. 5: This cloud structure recalls the Bénard cells 
familiar from laboratory work. 
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complicated manner in the atmosphere, was 
observed on several occasions; the cellular pattern 
was found to exist in the presence of unstable air 
up to about 5 to 8 thousand feet, with a marked 
dry inversion above that height. Cloud streets in 
the tropics were photographed and were observed 
to lie within about 30° of the wind direction at 
10,000 feet. 


Although some of the most striking features of 
Tiros I are associated with the pattern of clouds 
over thousands of miles, patterns of much 
smaller-scale phenomena are also revealed. An 
example of this is a cloud about 80 miles on a 
side imbedded in an interesting meteorological 
configuration of clouds and clear air. This cloud 
covered a thunderstorm area at the time that the 
picture was taken, but two hours later hail and 
tornadoes were produced in the same cloud. 


The satellite can show not only cloud forma- 
tions; for example there are a great many 
interesting coastlines which can be seen in the 
pictures; and the difference in the detectability of 
coastlines produced in part by the contrast 
between the brightness of the land and the bright- 
ness of the ocean is very striking in some cases 
(figs. 3 and 4). For example, the North African 
coast is very visible by comparison with the dark 
Mediterranean Sea. But other land forms such as 
the Florida Peninsula and the southern part of 
Africa, both of which have been photographed, 
appear dark with only slight contrast between 
land and oceans. When snow is present on 
mountain peaks, these produce very bright areas; 
for example, Tiros photographed the Alps for 
several days in succession from about April 2nd 
to April 6th; and on those days when the Alps 
were not cloud-covered the deep valleys such as 
the Rhone River Valley could be clearly seen in 
the photographs. Snow in Tiros photographs of 
the Himalayas is indicated by the very marked 
ridge configuration which one sees in the rugged 
mountain forms. 


Sometimes odd looking clouds appear; a long 
cloud about five miles wide and almost 1,000 
miles in length was photographed in the vicinity 
of the Gulf Stream, and the possibility that it is 
related to the Gulf Stream is being investigated. 


And still other phenomena can be seen in the 
Tiros pictures, many of which raise new questions 
about the basic processes which occur in the 
atmosphere. Although the search for basic 
information about the atmosphere and the earth 
with the aid of satellites has just begun, we already 
see ways of applying the cloud information. In 
order to forecast the weather it is necessary to 
know the state of the atmosphere at the time the 
forecast is being prepared. The pictures from 
Tiros I have already been used on a few occasions 
to supplement conventional observations, in order 
to determine the position of storm centres and of 
fronts in Pacific and Atlantic areas. But, in 
addition to the mere location of systems, methods 
are being investigated by which the pictures can 
help improve the “‘initial’’ analyses of the vertical 
motion fields and of the moisture field in the 
atmosphere; such improved analyses will be 
valuable in forecasting by dynamical methods, 
especially in oceanic areas. Of course further 
progress can be expected as additional knowledge 
is gained about the atmosphere from satellite 
cloud pictures and from other satellite experiments 
already in being (Explorer VII—heat budget) or 
in the process of preparation (Tiros II, Nimbus 
and Aeros). panel 
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A Radio Reflector 
in Space: 


‘ 
‘ Vv 
x X TRANSMITTER 
GOLDSTONE 
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How a passive communications satellite works. The VHF 
waves (tone, voice radio, television) radiated by a trans- 
mitter pass freely through the ionosphere, are reflected 
from the metal-coated skin of the balloon satellite and 
can be picked up by a receiver antenna several thousand 
miles away. 


Above and below: The 150 ft Mylar panels being inspected 
and folded. These will make up the skin of the Echo satel- 
lite, which is just over a hundredth of a millimeter thick. 


Echo I 


A 






Wren. on August 12th this year, a radio message 
from President Eisenhower was beamed into 
space from California, reflected by the earth 
satellite Echo I before it completed its first orbit 
and clearly picked up by the antenna of the Holm- 
del research station nearly 3,000 miles away, a 
new era of communication techniques began. For 
this experiment proved beyond all doubt that it 
is possible to transmit communications in the 
VHF range over thousands of miles with the aid 
of so-called passive or reflector satellites. 

Since the best shape for an omnidirectional 
reflector is the sphere, a passive communications 
satellite can be designed as a non-rigid balloon. 
Echo I circles the earth at a height of roughly 1,000 
miles, where an internal pressure of 3 millionths 
of an atmosphere is enough to keep the balloon 
inflated. The skin is made of a large number of 
panels. 

It was calculated that the temperature of Echo/ 
would drop from +240°F in the sunlight to 

-80°F when the satellite came into the shadow 
cast by the earth. As there was the risk that the 
gas inside would resublimate and cause the balloon 
to deflate, the trajectory was so chosen that Echo] 
remained constantly in sunlight for a few days. 
Since August 22nd, however, each of the satellite’s 
orbits has brought it into the earth’s shadow 
without affecting its performance as a radio reflec- 
tor. To ascertain whether there were distortions 
in the sphere, circularly polarized waves were 
transmitted; the polarization of the reflected 
waves showed that the skin had developed only 
a few wrinkles. 

As Echo [has been punctured by meteorites, the 
gas inside is escaping —slowly because of the very 
low inner pressure, but nevertheless continually — 
and the satellite will finally lose its spherical form. 
To delay this process, the 10 lb of benzoic acid, 
which rapidly vaporized in the sun’s rays and 
inflated the balloon after the satellite was ejected, 
were supplemented by 20 lb of anthraquinone, 
a substance which vaporizes slowly owing to its 
low vapour pressure and which will replace the 
gas as long as supplies last. In later Echo satellites 
the skin will be stiffened with a substance which 
becomes rigid after the balloon inflates. 

At a distance of over 1,000 miles above the 
earth, the 100 ft diameter of Echo I—so far the 
largest artificial satellite—covers less than a 
fifteenth of a second of arc. Despite highly devel- 
oped amplifier techniques making use of masers 
(cf. Interavia, No. 3/1960, p. 335 et seq.), signal 
transmission by passive reflector over such long 
distances is possible only if the transmitting and 
receiving antennas are directed with a high degree 
of precision. 


separa 


a ees 


1 aX : 


Test filling at the works. A few pounds of gas will keep the balloon rigid in airless space, but 
about 40,000 Ib of air are necessary to inflate Echo I’s skin on earth. 
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For this purpose, however, the orbit must be 
known accurately in advance. The data obtained 
from tracking the satellite are passed to an IBM 
709 digital computer, which then supplies the 
coordinates for further orbits. To simplify tracking 
of Echo I, two non-directional transmitters, fitted 
at opposite points on the skin, were fed by solar 
batteries. Nickel-cadmium batteries _ initially 
stored energy for the periods when the satellite 
was in shadow, but as these batteries have now 
ceased to function, tracking in the dark is possible 
only by radar. 

Since one satellitecan maintaincommunications 
between two stations thousands of miles apart for 
only a few minutes, the minimum number of 
satellites necessary for uninterrupted communi- 
cations between any two points on the earth would 
be twelve. These twelve satellites would, however, 
have to be placed in orbit according to an exact 
schedule; and this is likely to present some prob- 
lems for the time being. With 25 to 30 satellites 
circling on “random” orbits it might, however, 
be possible to maintain uninterrupted world-wide 
communications, if reliability were adequate. 

Although many problems are still awaiting 
solution, experience with Echo J holds out pro- 
mise that in the near future radio communications 
will become an economically useful field of 
application of astronautics. ++ 


The payload is here being mounted on the third stage 
of the booster. When folded, the satellite will fit into a 
magnesium sphere with a diameter of 26 inches. Before 
the container opens, it is ejected by a spiral spring on the 
third stage (visible in picture). The third stage is set in 
tumbling motion by small rocket motors and remains 
behind the unfolding balloon. 












































Quick Turnround: 
More Flights — 
Low Operating Costs: 


Greater Profit Margin 


ADEN AIRWAYS 





‘After a careful review of a number of contenders for the routes of Aden 

a a . Airways, we decided on the Avro 748 as the type offering the best all-round 
prospects of good commercial service . . .' Sir George Cribbett, Chairman of 
B.O.A.C. Associated Companies, commented after the recent signing of a 
contract securing three of the new Series 2 version for this lively-minded 
Middle East airline. 


The 748, Hawker Siddeley's low-cost turbo-prop airliner, meets the most 
demanding requirements of the short-hop and medium-range flight. It carries 
both passengers and freight (44 passengers, or 9660 Ibs. freight), is adaptable, 
versatile, and extremely economical in initial cost, operating cost and 
maintenance. 

a aleresss vale = ©6Powered by two Rolls-Royce Dart R. Da. 7 engines, the Series 2 version will 
be capable of extended ranges, operating under extremes of airfield elevation 
and high air temperatures. 

In the challenging future of commercial flight, airlines like Aden Airways 
will welcome the hard-working, practical Avro 748 in their forward planning. 
For full facts on the remarkable Avro 748, write to: 


HAWKER SIDDELEY AVIATION, 
32 Duke Street, St. James's, London S.W.1. Phone: WHI 6177 




















Gas beam from an arc 
rocket motor of Avco 
Research and Advanced 
Development Division. 

During an endurance test, 
the motor delivered an 
average of 340 grammes 
of thrust, for a specific 
impulse of 1,000 seconds. 
Power required was no less 
than .. . 30 kilowatts. 


Electrical Propulsion 
Systems for Spacecraft 


Though its basic theory was barely known a few years ago, and the 
subject itself was given but scant mention in literature, electrical propulsion 
for spacecraft is today the object of extensive research and development in 
the United States—and probably in the Soviet Union. 

However varied the different practical forms of electrical propulsion 
systems may be, they all have two features in common: in the first place the 
propellant mass is ejected with the aid of electrical energy, and in the second 
place, unlike chemical rockets, electrical propulsion systems require a 
separate source of energy. Although the latter, together with its auxiliary 
equipment and the energy converter, represents additional dead weight, 
electrical propulsion systems are, thanks to the far greater speed of the 
propellant masses, superior to chemical rockets for many tasks: for correct- 
ing the trajectory and controlling the attitude of earth satellites, ferrying 
spacecraft from a low orbit to a higher one, transporting cargo to the moon, 
and interplanetary journeys. 

In principle these tasks can also be performed by chemical rockets, but 
here the limited specific impulse—around 350 seconds for the high-energy 
prorellants liquid hydrogen/liquid oxygen—leads to astronomical figures for 
launching weight, even for small payloads. The exploration of distant 
planets cannot even be undertaken until electrical power units are available, 


First test run of a plasma motor at Republic Aviation Corporation. The propellant 
gas is nitrogen. No further details are known. 
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since the length of the journey would preclude manned trips with chemical 
rockets. 

Electrical propulsion systems work with specific impulses of 1,000 to 
100,000 seconds, but deliver only very small thrusts and hence low accelera- 
tions—roughly in the order of a few ten-thousandths of the earth’s gravity. 
They are therefore unsuitable for either the first stages of booster vehicles or 
retro rockets, such as are required for decelerating a space ship in prepara- 
tion for a landing on the moon or a planet. 

There are three main groups of electrical power units:! 


1. electrothermal propulsion (also known as_ electrothermodynamic 
propulsion or arc jet systems); 


2. electrostatic or ion systems; 
3. magnetofluiddynamic systems. 


Electrothermal rockets 


Here electrical energy is used to build up a stationary arc between a 
central and an annular electrode. The arc heats a propellant gas which 
exhausts through a nozzle at high velocity. In certain respects, this process 
recalls that of chemical propulsion, except that far higher gas temperatures 
can be obtained with the aid of the arc than with the energy released by the 
chemical processes. If the chamber walls are carefully cooled, mean ga; 
temperatures of up to 12,000 degrees Kelvin should be possible—far above 
the melting temperature of the chamber walls—whereas in the arc itself 
temperatures of up to 50,000 degrees Kelvin can occur. In laboratory ex- 
periments at 3,000 degrees Kelvin and using hydrogen as propellant gas, 
exhaust velocities of 10 to 11 kilometres per second have been measured, 
which correspond to a specific impulse of 1,000 to 1,100 seconds. There are 
hopes that 15 kilometres per second can be achieved within the next 15 years; 
the top limit probably lies at around 20 to 25 kilometres per second. 

Electrothermal rockets are not only remarkable for the simplicity of 
their structure, but are also highly suitable for thrust control purposes. If the 
flow mass of propellant gas is increased, with a constant supply of energy, 
then the gas temperature falls—and hence also the exhaust velocity, while 
the thrust rises. 
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“Impulse spectrum” for rocket units. Specific impulse is entered on a logarithmic scale 
on the abscissa, the ratio of thrust to total weight of the power unit on the ordinates. 
CHEM =chemical rocket; NUC= nuclear reactor propulsion; PLASMA = here electro- 
thermal propulsion; ION =ion beam motor; MHD = magnetohydrodynamic propulsion. 


Although the experiments so far carried out have produced some very 
encouraging results, there are still plenty of problems to be solved before the 
operational stage is reached: stability of the arc, cooling of the electrodes 
and the chamber walls, erosion of the electrodes . . . to mention only a few. 

The National Aeronautics and Space Administration’s space research 
programme calls initially for the development of an arc motor with a power 
requirement of 1 kilowatt, which could be used for the attitude control of 
spacecraft in place of the current compressed gas bottles. For propulsion 
proper a larger unit is projected; this would take its electrical power from 
the 30-kW SNAP-8 reactor/generator which NASA is developing in con- 
junction with the Atomic Energy Commission and which is scheduled to 
begin flight testing in a two-stage Saturn in 1965. 


Electrostatic systems 


The name more and more commonly given to this second group of pro- 
pulsion systems is ion beam engines or ion rockets. The propellant mass 
consists of ions, which are accelerated with the aid of electrical fields to 
velocities of from 10 to 200 kilometres per second. The structure of a typical 
ion rocket is shown in the accompanying drawing. The exhaust velocity of 


! The following statements are taken in part from a paper on “ Progress in Electric Propulsion 
Systems,” read by Dr. Ernst Stuhlinger at the 11th International Astronautical Congress in Stockholm. 



















































the ions, and thus the specific impulse, grows with the square root of the 
field voltage and is inversely proportional to the square root of the ratio 
between particle mass and rfarticle charge. Or in other words: heavy ions 
require high voltages. The higher the field strength, the greater the thrust 
obtainable per unit area of the team cross-section; because of the danger of 
short circuits, however, the top limit probably lies at around 100,000 volts 
per centimetre, corresponding to 8 gran m:s of thrust per square centimetre. 
The use of the highest possible field strengths also helps to reduce weight, 
since the engines can then be built in compact and light form. Admittedly, 
this leads to extremely small distances between electrodes, so that here too 
there are structural limits. If, for example, it were desired to accelerate 
caesium ions to an exhaust velocity of 100 kilometres per second, with the 
above-mentioned highest permissible field strength of 100,000 volts/ 
centimetre, then the distance between the electrodes would have to be no 
more than 0.07 centimetres, which is virtually unrealizable in practice. 
These caesium ions are not only relatively heavy (atomic weight of 
caesium = 133)—a desirable quality, as will be seen from the above remarks 
—but also can be easily produced. They are released when caesium vapour 
is diffused through a thin layer of porous tungsten. If the temperature of the 
tungsten is around 1,400 degrees Kelvin and if the pores are sufficiently 
small (1 micron), then more than 99 percent of the caesium vapour is ionized. 
The high temperature, however, provokes considerable radiation losses. 
The problem which causes the technicians the most trouble has its 
origin outside the actual rocket: namely the neutralization of the beam 
behind the thrust nozzles. To prevent the spacecraft from becoming sta- 
tically charged, positive and negative charges must be ejected in equal 
numbers. In addition, it is essential that these charges should reunite im- 
mediately behind the thrust nozzles, as otherwise the ion flow would be 
“throttled” within a very short time. This presupposes that the positive and 
negative particles exhaust from the nozzles at equal velocity. But the negative 
particles will generally consist of electrons, the positive of heavy ions; what 
is more, caesium ions have 250,000 times the mass of electrons. To give both 
the same velocity, the voltage at the electrodes of the electron nozzle would 
have to be in a ratio of 1 to 250,000 to the voltage at the electrodes of the 
ion nozzle. With such small voltages it is impossible to maintain a uniform 
electron flow. There is some hope that this difficulty can be overcome by 
accelerating the electrons at right angles to the direction of the beam, so 
that inside the beam they perform mainly an oscillating motion, with only 
a small velocity component in the direction of the beam, a component of 
the same magnitude as the ion velocity. 

In theory, then, there are promising courses of development, but in 
practice many obstacles must still be overcome. Conditions in the labora- 
tory, especially as regards beam neutralization, are considerably more 
favourable than in space, so that tests must be made with the aid of high- 
altitude probes or earth satellites before the situation can become really 
clear. Tests of this kind are scheduled to begin in 1962. 


Magnetofluiddynamic propulsion 


The thorny problem of beam neutralization does not arise here, as the 
propellant masses—though largely ionized—are not separately accelerated 
according to positive and negative charges, but externally form a neutral 
plasma. If plasma is brought into an electrical field, particles of opposite 
signs move in opposite directions. If a magnetic field is then added, with lines 
of force at right angles to those of the electrical field, the result is a spiral 
motion of the particles, with the velocity components in the same direction 
at right angles to the lines of force. In this way it is expected that beam 
velocities of up to 1,000 kilcmetres per second can be obtained, correspond- 
ing to a specific impulse of 100,000 seconds. Such prospects are obviously 
attractive; but before practical applications can be envisaged, not only a 
complete theory of conductive gas flows must be built up, but also a series of 




















Typical structure of an ion 
beam motor. Key: 1. fission 
reactor; 2. heat exchanger; 
3. turbine; 4. radiation 
cooler; 5. d.c. generator; 6. 
electron generator; 7. pro- 
pellant; 8. ion generator; 
9. ion beam in electrical 
field. 




























Careful checking of the Avco arc rocket motor before it is placed in the vacuum chamber. 


complicated auxiliary systems, without which plasma motors cannot func- 
tion, must be developed. These include condensers for high voltages, electro- 
magnetic field coils, components for high-speed switching sequence, etc. 


Sources of energy 


Unless further basic discoveries open up new sources of energy, there are 
fundamentally only two practical sources of power for electrical propulsion 
systems: the sun and nuclear reactors. Solar energy is available without cost 
and in unlimited quantities, and does not need to be carried aboard the 
spacecraft. These undeniable advantages, however, are balanced by serious 
disadvantages: the energy flow per unit of area is small—an average of 
0.13 Watts per square centimetre on earth—and what is more decreases with 
the square root of distance from the sun (only 0.055 Watt/cm? on Mars, for 
example), so that large areas of solar cells would be needed. If the spacecraft 
enters the shadow of the earth or another planet, the supply of energy ceases 
completely. 

The scientists are therefore concentrating their efforts on the development 
of efficient nuclear reactors for continuous operation. Here the efficiency of a 
propulsion system is decisively affected by the output in kilowatts obtainable 
per kilogramme of structural weight. It has been found that the weight of the 
reactor and heat exchanger is of minor significance compared with that of 
the cooling system, the screening and the energy converter. According to the 
estimates of responsible experts, it should be possible to obtain roughly 
0.1 kilowatts per kilogramme of structural weight by 1965, 0.3 kilowatts by 
1970 and finally some 10 kilowatts by 1980. The optimum energy conversion 
system must be chosen in the light of similar considerations. In the present 
state of the art, turbogenerators appear to be superior to all other systems— 
thermo-elements, temperature ionization, photo-electric cells (for solar 
energy)—as regards reliability and efficiency. 


The applications 


Electrical propulsion systems—presumably ion rockets—will probably 
have their first practical application in 24-hour satellites, which will render 
invaluable services as radio relays. A satellite of this kind must first of all be 
placed accurately in orbit. Secondly, in view of the many unavoidable 
disturbances, its trajectory must be constantly corrected, to ensure that it 
does not change its position in relation to the earth. Thanks to their com- 
pact construction, their high specific impulse and their controllability, arc or 
ion rockets will probably be better suited to this purpose than chemical 
rockets or compressed gas nozzles. Moreover, a communications satellite 
in any case requires large quantities of electric power. 

Although up to a certain distance limit, electrically-powered vehicles 
would take longer to complete the journey than a chemical rocket, beyond 
this limit there is a growing time advantage in favour of the electrical system. 
An unmanned space freighter for a short journey could, for example, use 
electrical propulsion to advantage, since this would enable it to carry a 
considerably higher payload for the same total weight, and the longer 
journey time would not be a major handicap. For journeys to Mars or Venus 
the electrical power unit would not bring any time saving, but it would 
again permit a better relationship between payload and total weight than 
the chemical rocket. Finally, for really long trips in interplanetary space the 
electrical rropulsion system will become indispensable, because of the time 
factor. Whereas a chemically-powered space probe would take more than 
40 years to reach Pluto for instance, this same journey could be completed in 
only three to four years with an electrical propulsion system. + 
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ATAR 9D TURBOJETS EQUIP THE MIRAGE IV 
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Now, Fly Your Plane Anywhere... 
Face Any Navigating Problem with Confidence 
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with the NEW 
The ease with which ARC’s CD-4 Course Director 
adapts itself to every area of operation adds a new 

dimension to your flying technique. 
SELECT MODE, SET TRACK, CENTER NEEDLE 
Cd With the CD-4, you simply select the mode of opera- 
tion... VOR, ILS, ADF, or Magnetic Heading... set 


in the desired track information, and steer the plane 
COURSE DIRECTOR to center the vertical needle. Instantaneous steer- 
ing information is then computed and continuously 
displayed on one indicator. All enroute flying, hold- 
ing, and terminal approach procedures are identical. 












NO MENTAL GYMNASTICS 


Exacting mental calculations are no longer required. 
The CD-4 does it for you! It tells you how to inter- 
cept and maintain the desired course. Recalculation 
of headings to compensate for wind is not necessary. 
Your only requirement is to keep the needle on the 
cross pointer indicator centered. 

And...the total added weight to your aircraft is 
only 8.5 pounds. 

Engineered to the highest standards of quality, 
the ARC CD-4 Course Director assures typical ARC 
reliability wherever you fly. 
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One of many different 
Honeywell Modular Gyro 
Reference Systems 

is shown above. This all- 
attitude system is 
especially suited to high 
performance aircraft 

and provides pitch, roll 
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Honeywell offers you over 20 new Modular Gyro Reference 
HONEYWELL S.A.R.L., ‘a . net 
FRANCE Systems to meet virtually all aircraft, missile, space 


Paris ra ‘ Ps ‘ 
vehicle and special purpose land vehicle requirements. 
HONEYWELL G.m.b.H., 

GERMANY 
Frankfurt This versatile new family of Gyro Reference Systems is Attitude, Multiple Output All-Attitude, and Low Drift 
— created from standard, off-the-shelf components; offers Azimuth All-Attitude. Many others are also offered. 
poe great flexibility, proven reliability—and, fast delivery. These systems are applicable to a wide variety of vehi- 
poecel Gyros, accelerometers, repeaters and control panels cles ranging from commercial and military transport 
Stuttgart combine to give you the widest selection of gyro refer- aircraft, to heavy tactical aircraft, high performance 
ge hy ence systems available anywhere. aircraft, missiles, space probes, and special purpose 

UNITED KINGDOM Here's what Honeywell's new Modular Gyro Refer- land vehicles. 

Belfast ence System Concept offers you: With this new Modular Gyro Reference System Con- 
Cardiff © Minimum delivery time cept, you can choose from the following features to 
pol @ Lowest possible cost meet your exact needs. 
Leeds @ Elimination of structural problems encoun- 
pre rnd h tered when gyros are combined on a single 
Sheffield platform Ready time —1/10 second from inert storage 
@ Maximum flexibility and packagability 6 PF 
—to 0.1°/hr. drift 
aL Anne” @ Ease of maintenance (through modular make- Accuracy / 
Amsterdam up) Gyro weight —as low as 2.8 Ibs. each 
Hengelo P eee ; 
Rotterdam * en: apd a SHERGH Coty WoEUNEN Erection —to computed local vertical 
without Schuler loop 
HONEYWELL A.B., 

SWEDEN ; ; ‘ : —360° i —all 
Stockholm Typical systems available provide: Standard Attitude, Freedom $60" continuous—alll axes 
oumere True Heading Attitude, All-Attitude and True Heading Acceleration—to 90 G sustained 
Karlstad 
Linkoping 
Malmo 


W To obtain a copy of Honeywell's new book, “Gyro Reference 

HONEYWELL A.G., oney e Systems'' contact your nearest Honeywell representative, 

SWITZERLAND or write: Honeywell, Aeronautical Division, Minneapolis 40, 
Minnesota, U.S.A. 
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FROM GENERAL ELECTRIC... 


a pair of high-performance 
powerplants for JET-AGE 
business aircraft 


General Electric, the world’s most experienced builder of jet engines, 
now offers a pair of powerplants which provide new levels of per- 
formance for light- and medium-weight business aircraft... 


The Cj610 turbojet, virtually identical to G.E.’s military J85, delivers 
the highest thrust-tc-weight of any turbojet available. Supported by 
17,000 J85 test hours, certified Cj610 engines will be available in 
early 1962. 


The CF700 aft turbofan consists of a Cj610—with a fan assembly 
added aft. Available in early 1962, the CF700 provides more thrust, 
greater range, important economies over comparable turbojets. 


For more information on these advanced powerplants—now under- 
going endurance tests—contact the General Electric Company, 
1 Rue du Temple, Geneva, Switzerland. 





Cj610—2700-IB THRUST TURBOJET—weighs only 355 Ibs, offers outstanding 
7.6: 1 thrust/weight ratio. Only 39.7 inches long; 17.7 inches in diameter. CJ610 
specific fuel consumption is 0.97. Flight-worthy engines available in 1961. 





CF700—4000-IB THRUST AFT TURBOFAN—provides low 0.69 specific fuel con- 
sumption. Weighs only 615 Ibs. Length, 64 inches; diameter, 34 inches. Flight- 
worthy enginesavailable in 1961. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 









HIGH 
DEFINITION 
AND GAP FREE 
OVERAGE 








DECCA DASR-1 surveillance radar 


The Decca 10 cm. DASR-1 is already in service 
yielding results which establish its supremacy as the ideal air 
surveillance radar for jet age operation. 

Proved gap free coverage to over 120 miles at 40,000 feet, com- 
bined with outstanding definition and clarity in the radar picture, 
makes the radar easy to operate and ensures safety of air traffic 
control. On the displays aircraft appear as bright sharp echoes 
under all weather conditions, with well defined trails giving 
continuous and accurate indication of direction of movement, 


4aHe PEL =«DECCA RADAR LIMITED : LONDON : ENGLAND 


alterations of heading and relative speed. 


% Rain and snow returns are eliminated by the latest develop- 
ment of circular polarisation techniques, without impairing 
performance on aircraft. 

* Excellent permanent echo suppression by the Decca A.T.I. 
system. 


* Siting at Airports is straightforward as lobing at the frequency 
employed is not operationally significant. 


® OR 132 








R 132 











Astronautics 





Return to Earth 


On August I1th, 1960, the first space vehicle to return safe and 
sound after several orbits was fished by the Americans from the Pacific 
Ocean. A week later they caught the instrument capsule of a second 
satellite as it flew through the air. And on August 20th Sputnik V 
landed the first “‘astronauts,” alive and in good spirits, in the Soviet 
Union. 

Compared with public reaction at the news of the first Sputnik, the 
repercussions of these events on the world at large were relatively 
slight. Yet it is no less significant an achievement to recover satellites 
from their orbits than to send them out into space. 

Apart from the fact that safe return is essential to manned space 
flight, the recovery of unmanned instrument capsules opens up econo- 
mic and scientific prospects which would be unthinkable with a non- 
recoverable vehicle—not to mention the military value of a weapon- 
carrying space vehicle guided to earth. 

It is therefore no wonder that, as soon as they had succeeded in 
sending a few artificial satellites on their way, the two space Powers 
turned their efforts to the problem of bringing them back to earth. 

It appears that even Sputnik IT, which carried a dog, was designed 
as a re-entry vehicle. In the USA, the U.S. Air Force Discoverer pro- 
gramme was the first to envisage the return and recovery of a satellite 
capsule. After an early attempt in February, 1959, the Americans were 
near success with Discoverer II on April 14th. Although the capsule 
was brought onto a descent trajectory, it was not in the planned area, 
and was sighted descending by parachute near Spitsbergen, but not 
recovered. Discoverer IT obviously stood up well to its re-entry into 
the atmosphere and can thus be considered the first satellite to return 
safely from orbit. 

In May, 1960, the Russians launched a mighty space vehicle, weigh- 
ing 10,000 pounds, with a human dummy and complete life support 
equipment on board. As the result of a fault in attitude control, how- 
ever, Sputnik 1V—claimed by the USSR to be the “‘first cosmic space- 
ship” —did not enter the planned descent trajectory, but remained in 
space. 

The race became keener. 

By this time the Americans had launched their eleventh Discoverer 
and had still not scored a success. Finally, after a further failure on 
June 29th, Discoverers XIII and XIV put them in front of the Soviet 
Union by a short head, although the satellites carried only 84 Ib 
instrument capsules without living creatures. 


The recovery of a space vehicle is bedevilled by two problems, 
namely the initiation of a descent trajectory and the fierce heat ge- 
nerated by the vehicle on its return into atmosphere. Here, depending 
on the construction of the re-entry capsule—drag deceleration, vehicle 
with heat sink (Discoverer, Mercury) or winged glider with aero- 
dynamic lift (Dyna-Soar)—there is an optimum descent trajectory 
at which friction heat is at a minimum. For space vehicles carrying 
men or animals, the high decelerations encountered during descent 
must not result in damage to the organism, a requirement which sets 
further limits to the number of possible trajectories. In addition to 
the pure deceleration forces themselves, the accelerations due to 

















Preparations for the launching of Discoverer XIII. Before it is mounted on the Douglas 
Thor first stage (in background) the Lockheed Agena second stage is given a last check. 
Discoverer XIII was the first satellite to be recovered on its return to earth. 


tumbling motions can endanger space travellers, and must be coun- 
tered by reliable attitude stabilization during descent. 


Finally, a number of other items of equipment are necessary for 
safe recovery —parachutes, signalling equipment, floatation mechan- 
isms etc. 


Only when one considers the great number of extreme conditions — 
heat, cold, accelerations, radiation etc.—to which all the vital systems 
and equipment of the space vehicle must be subjected, is it possible 
to appreciate the brilliance of the technical and scientific achievement 
of bringing an artificial satellite back from space unharmed. 


How the Discoverer is retrieved. A time switch actuates control nozzles to turn the satel- 
lite, horizontally stabilized in orbit (A) with its nose to the earth (B). The re-entry capsule 
is then separated by explosive bolts and springs (C) and braked by a retro-rocket (D). 
As speed decreases, centrifugal force grows less, and theearth’s gravity forces the cap- 
swe into a parabolic trajectory. After the capsule has re-entered the atmosphere (E), a 
parachute opens at a predetermined altitude (F) and floats the payload slowly to earth. 
In the meantime, aircraft or ships, guided by telemetry signals (G) from the capsule 
reach the spot at which it has landed and recover it (H). 
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The American Discoverer experiments 


Thirteen is not always an unlucky number for 
everyone. The U.S. Air Force suffered twelve 
failures with its Discoverer programme before, 
at its thirteenth attempt, it added a new entry 
to the roll of honour of American astronautics. 


Designed as the forerunners of observation 
satellites which would store data on board and 
bring them back to earth after a few orbits, the 
Discoverers serve primarily for tests of attitude 
control systems to stabilize the satellite with 
respect to the earth’s surface, and for the develop- 
ment of re-entry capsules and their recovery 
devices. The first Discoverer, launched in a south- 





erly direction by Douglas Thor from Vandenberg 
Air Force Base on February 28th, 1959, reached 
a near-polar orbit (inclination 87°). The stabili- 
zation device did not, however, work satisfac- 
torily, and Discoverer I developed a tumbling 
motion in its orbit, finally burning up in the early 
days of March. On April 13th Discoverer II 
was launched; this was the first to be fitted with 
a re-entry capsule. Brought into its downward 
trajectory a few minutes prematurely by the time 
switch, the capsule, instead of coming down in 
the Pacific Ocean as planned, descended near 
Spitsbergen. All attempts at search were vain. 
Discoverers III, IV, 1X, X and XII did not reach 
their polar orbits, others could not be stabilized 
or ejected their capsules at the wrong time... 


Recovery system of Dis- 
coverer XIII. Left, the 
folded parachute; right, 
the capsule lid with trans- 
mitting antenna and flash- 
ing lights. 


Lockheed Agena second 
stage with Bell Hustler 
liquid-propellant engine 
delivering 15,000 Ib thrust. 
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Capture of Discoverer XIV. The looped cables towed by a Fairchild C-119 .. . engage with the parachute lines .. . and the instrument capsule can be pulled on board. 


and even when all the other equipment worked, 
the parachute or radio beacon went on strike. 
To trace the causes of these failures, the 
Lockheed engineers responsible for the Discoverer 
programme fitted the thirteenth satellite with ad- 
ditional measuring equipment. But Discoverer 
XIII punctually entered its descent trajectory over 
Alaska, just before completing its seventeenth 
orbit, and the parachute also opened as planned. 
Owing to bad weather, however, the attempt to 
recover the capsule in the air failed, and it fell 
into the sea, still transmitting radio signals, in 
the region of Hawaii, where it was recovered by 
a U.S. Navy frog-man operating from a heli- 
copter. Owing to the flat re-entry trajectory, the 
300-lb Discoverer XIII was subjected to high 





cold gas 


Diagram of a Discoverer re-entry vehicle. 1. 
storage tank; 2. explosive bolt; 3. retro-rocket; 4. thrust 
cone; 5. stabilization jets; 6. recovery parachute and chaff; 
7. parachute cover; 8. explosive pistons; 9. flashing light; 
10. afterbody cover; 11. instrumentation package; 12. 
radio beacon (inside); 13. dye markers; 14. ablating re- 
entry shield; 15. recovery capsule. 


temperatures (of about 4,000°F) for several mi- 
nutes, but these did not reach the interior of the 
capsule, which was protected by the ablating 
nose cone. 


One week later, the instrument capsule of 
Discoverer XIV was recovered as planned by a 
Fairchild C-119. The pilot twice missed his valu- 
able booty, first by six inches, and then by two 
or three feet. On the third attempt, just before the 
capsule descended into a cloud at the rate of 
1,500 ft/min, its parachute lines were caught 
by an arrester cable attached to a long pole, 
and it was pulled aboard the aircraft. 
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A second Noah's Ark 


Two female dogs, forty mice, two rats and se- 
veral hundred insects share the fame of being 
the first ‘‘astronauts”’ to return alive and healthy 
from space. . . not to menticn the bacteria, fungi, 
algae, onions, peas, and grains of maize and 
wheat which were also sent around the earth in 
Sputnik V on August 19th, 1960, to land a day 
later on a field in a collective farm. Although in 
earlier experiments capsules containing living 
animals had been fired to great heights and re- 
covered, these were not “‘true’’ space trips, as no 
orbit was reached. 


As regards the booster, the Russians have as 
usual maintained a discreet silence, but it is 
generally assumed to be a variant of the ICBM 
tested over eastern Asia and the Pacific Ocean in 
January and July this year. Weighing 10,120 lb — 
without the last stage of the booster —Sputnik V 
is the heaviest space probe so far to be launched 
and, with the necessary modifications to the life 
support equipment, could reportedly have carried 
a man on board. 


Sputnik’s payload capsule was in two parts, 
an equipment chamber and a cabin. The latter 
contained the life support equipment, landing 
aids and all the living creatures. During the eight- 
eenth pass on a nearly circular orbit —apogee 
211 miles, perigee 190 miles—the descent phase 
was triggered by radio command. As the satellite 
entered the atmosphere, the equipment chamber 
separated from the cabin and burnt up, while 
the cabin itself was, according to official reports, 
“aerodynamically” braked. At a height of about 
23,000 ft a barometric relay actuated a catapult, 
which ejected the container housing the two dogs 
and many of the other life forms. The con- 
tainer fell to earth at a speed of 20 to 26 ft/sec 
only six miles from the planned landing point. 


As can be seen from the varied selection of 
living creatures carried in the satellite—which 
led a Soviet scientist to dub it “‘the Noah’s Ark 
of space” —the experiment served primarily for 
the study of the biomedical aspects of space 
flight and the testing of life support equipment. 
Although monkeys more nearly resemble humans 
from the point of view of development, the Rus- 
sians prefer dogs for space research, as they are 
easy to train and soon become accustomed to 
experimental environments; moreover, their 
main physiological systems—blood circulation 
and breathing —react in a similar way to changes 
in environment as do those of man. 





View and sectioned draw- 
ing of the Sputnik V cap- 
sule. 1. pressure tank of the 
air regeneration unit; 2. ca- 
tapult for ejecting capsule; 
3. part of radio bearing 
transmitter; 4. batteries for 
heating microbe ampoules; 
5. batteries; 6. scientific 
apparatus; 7. catapulted 
container; 8. catapult re- 
lease; 9. cabin for animals; 
10. microphone; 11. an- 
tenna of radio bearing 
transmitter; 12. valves; 13. 
television camera; 14. mir- 
ror; 15. part of ventilation 
system; 16. feeding auto- 
mat. 


With the aid of comprehensive medical ap- 
paratus, the following physiological data were 
measured: arterial pressure, heartbeats, breath- 
ing rate and body temperature; electrocardio- 
grams were also taken. Two radio-controlled 
television cameras, one for each dog, observed 
their movements during the climb and descent 
phases and during the periods of the orbit when 
Sputnik V was in radio communication with the 
Soviet ground stations. The dogs were fed by 
an automat, which twice daily dispensed accurately 
measured portions of a gelatinous matter which 
contained all the necessary nutritive substances 
and the appropriate quantities of water. A similar 
automat had already proved its worth in Sputnik 
IT, which carried the dog Laika. 


The rats and mice took their solid food from 
feeding tubes fixed to the wire netting of their 
cages; water was fed to them on wicks. Mice and 
also the flies which were carried. in ampoules 
are highly suitable for genetic research, as they 
multiply rapidly and exhibit a large number of 


Safe and sound back from 
space: Strelka (left) and 
Byelka (right). 

















hereditary traits. From observation of their des- 
cendants, conclusions will be drawn regarding 
the biological effects of high-altitude radiation. 
The plant seeds in Sputnik V will serve the same 
purpose. 


In both the Soviet Union and the USA bio- 
logists are hard at work developing air regenera- 
tion systems for space vehicles. Not only must 
the oxygen consumed be replaced, but the carbon 
dioxide exhaled must be eliminated. For short 
space trips the simplest procedure would appear 
to be that employed in the breathing apparatus 
used by divers and high-altitude pilots: the supply 
of fresh oxygen from bottles and the chemical 
absorption of carbonic acid. If, however, a space 
trip lasts longer than eight or ten days, this 
solution is impractical for weight reasons. Here 
nature has found a way to solve the problem of 
air regeneration for space trips lasting months, 
or even years: the photosynthesis of plants, a 
process in which energy, in the form of light, 
causes plants to absorb the carbon from carbon 
dioxide, releasing pure oxygen. Laboratory tests 
have shown that only a few pounds of certain 
green algae (which cover a large area in relation 
to their weight) are enough to keep a man supplied 
with air. The algae carried in Sputnik V were 
designed to test whether they could perform 
this task under space flight conditions. 


It is but one small step from Sputnik V to the 
manned earth satellite, though the Russians say 
that a few more experiments are to be made 
with animals to improve the reliability of the 
system before the first man is sent into space. 


= 
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Oni three years have passed since Sputnik I 
began its journeys around the earth, soon to be 
followed by a whole “galaxy” of artificial heavenly 
bodies of all kinds and sizes. A first catalogue of 
launchings was published in Interavia No. 9, 1959, 
revealing that during the 21 months from October 
4th, 1957 to June 25th, 1959 a total of 29 vehicles 
had been fired into space, not all of them suc- 
cessfully. The next fifteen months, covered in the 
present survey, saw no fewer than 35 attempts. Of 
these, 31 were made by the United States (a round 
dozen of them, however, being failures), while the 
Soviet Union successfully sent up four space 
probes. Doubtless there have also been failures on 
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the Russian side, though no word of them has 
reached the public. 

The new catalogue contains only those satellites 
and planetoids which actually went into orbit, 
since the list would otherwise have grown too 
long. On the other hand, additional information, 
such as launching point, launching weight of 
booster, etc., has been included this time. Finally, 
the diagram on page 1399 shows comparative sizes 
of the various types. 

Whereas in their experiments the United States 
are pursuing a wide variety of objectives, both 
civil and military — from radiation measurements 
via geodetic and meteorogical research, passive 


and active transmission of messages and navigation 
assistance for ships and aircraft, to the early 
detection of ballistic missile launchings—the 
Soviet Union appears to be directing most of its 
efforts to the moon and towards manned space 
travel. 

The Americans have won world-wide acclaim 
for their Pioneer V, Tiros I, Transit IIA, Echo Iand 
Discoverer XIV. Radio signals from the Pioneer V 
paddle-wheel planetoid were received by the 
Jodrell Bank radio telescope from distances of up 
to 22.5 million miles or more. The Tiros / tele- 
vision cameras transmitted more then 22,000 
cloud pictures. Transit ITA, launched into orbit 


Survey of Successful Satellites and Space Probes 





7 Aug 1959 
1 year plus 


Cape Canaveral 





13 Aug 1959 
to 28 Sep 1959 


Vandenberg AFB 





19 Aug 1959 
to 20 Oct 1959 


Vandenberg AFB 














12 Sep 1959 
to 13 Sep 1959 


Kapustin Yar (7?) 





18 Sep 1959 
30 to 40 years 






Cape Canaveral 





4 Oct 1959 
to 20 May 1960 






Kapustin Yar (7?) 


(Continued from /nteravia No.9, 1959; as at October, 1960) 


Payload 















shaped vanes for solar cells; diameter 26 in. 
Equipment: Telemetry instruments designed by Drs. 
Friedmann and Van Allen. 


108 Mc/s; device for switching off after 1 year. 
Power supply: 9,600 solar cells plus nickel-cadmium 
batteries. 


Shape and dimensions: spherical with four 7.9 ft paddle- & 


Transmitters: two 40 W transmitters; frequencies 20 and ; 











Shape: cylindrical with nose cone; diameter 5 ft, length 
19.2 ft. 


Equipment: telemetry and data recording instruments; 
retro-rocket, parachute, radio beacon, radar reflector, 
identification light. 

Transmitter: unknown; one directional antenna and one 
whip antenna. 

Power supply: nickel-cadmium batteries. 











Shape: 
Equipment: 
Transmitter: 
Power supply: 


as Discoverer V 


















diameter 3 ft 11 in. 
Equipment: measuring instruments. 

Transmitters: three in the satellite: frequencies 183.6 Mc/s, 
39.986 Mc/s, 19.993 Mc/s. Two in the last stage: frequen- 
cies 20.003 Mc/s, 19.997 Mc/s. 

Power supply: not disclosed. 


Shape: spherical; of aluminium/magnesium alloy; | 














Shape: spherical; of magnesium; diameter 20 in., with 
a 26 in. cylinder mounted on top; inseparable from third 
stage. 

Equipment: measuring instruments. 

Transmitters: One 30 mW transmitter, frequency 
108 Mc/s; one 80 mW transmitter, frequency 108.03 Mc/s; 
four rod antennas. 

Power supply: silver-zinc batteries. 














Shape: cylindrical with hemispherical end bulkheads; 
of aluminium/magnesium alloy; diameter 3 ft 11 in., 
length 4 ft 3 in. 

Equipment: 35 mm cine-camera with 200 and 500 mm 
lenses; developer; television transmitter; measuring 
instruments. 

Transmitters: two: frequencies 39.986 Mc/s and 183.6 
Me/s; six rod antennas. ! 
Power supply: solar cells and chemical batteries. 
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along with the NRL satellite, proved its value as 
a navigation aid for shipping and aircraft, while 
Echo I, which enables radio communications to be 
made over thousands of miles, can be seen with 
the naked eye. Lastly, in the Discoverer XIV shot 
it was finally possible to recover the instrumen- 
tation capsule, as originally planned, during its 
descent through the air. 

Every publicly-announced Soviet launching has 
been a hit, with the possible exception of the 
Sputnik IV whose pressure cabin, instead of re- 
turning to earth on ignition of the retro rockets, 
travelled a bit further away. Lunik II ended its 
relatively short journey in an impact on the moon. 
Its successor, Lunik III, travelled past the moon 
and photographed the hitherto unseen back of 
our natural satellite. And last triumph at the time 
of writing, Sputnik V brought two dogs and other 
animals, plants and instruments safely back to 
mother earth with unexcelled accuracy. 

Yet, in recounting these outstanding perform- 
ances, we should not ignore the failures. Often it 
has been merely some small defect which has 
tipped the balance away from success. The 
following is a brief description of the American 
satellites and planetoids which did not go into 
orbit: 


Launch point 


13 Oct 1959 
2 years 


Cape Canaveral 


| 7 Nov 1959 
to 26 Nov 1959 


Vandenberg AFB 


20 Nov 1959 
to 8 Mar 1960 


Vandenberg AFB 


Explorer (no number): launched by a Juno IJ on 
July 16th, 1959, for the purpose of radiation 
measurements. The booster had to be destroyed by 
the range safety officer soon after launch. In a 
second Explorer (again without number) on March 
23rd, 1960, the third or fourth stage failed to 
ignite. 

Beacon: launched on August 14th, 1959 by a 
modified three-stage Juno II. This balloon satellite 
(diameter 12 ft) was designed to measure air 
densities. Did not go into orbit because the 
propellant burned out prematurely, and the 
attitude control in the upper stages did not 
function. 


Transit I: fired by a Thor-Able on September 
17th, 1959; third stage failed to ignite, therefore 
no orbit reached. Transit I was scheduled to 
investigate the use of satellites as navigation aids. 


Pioneer (no number): launched on November 
26th, 1959, by an Aflas-Able; was supposed to 
scan the moon electronically from a distance of 
some 5,000 miles, but did not get far, as the nose 
casing fell off as a result of excessive vibration, and 
the second stage failed to ignite. 


Discoverers IX, X and XII: launched on 


February 4th and 20th, and June 29th, 1960 from 


Payload 


Shape: toroid, of plastic; 30 x 30 in. 
Equipment: measuring instruments. 


Transmitters: two: frequencies 20 and 108 Mc/s; can be 
switched off after one year; 4 whip antennas and 4 tele- 


scoping rod antennas. 
Power supply: solar cells and chemical batteries. 


Shape: 
Equipment: 
Transmitters: 


| as Discoverer V 
Power supply: 


Shape: 
Equipment: 
Transmitters: 


| as Discoverer V 
Power supply: 


These silhouettes (scale 1:100) give an idea of the comparative sizes of the following artificial satellites: 
A — Discoverer V and, with slight differences, Midas IJ; B - Explorer VI; C.- Vanguard III; D — Lunik Ill; E - Explorer Vi; F - Pioneer V (planetoid); G — Tiros I; 
H — Transit IB; 1 — Transit ITA with NRL satellite; K — Sputnik V pressure cabin (estimated size). 





Left: This Atlas-Agena put the Midas II early warning 
satellite into orbit. Right: The Thor-Able Star put two 
satellites, the Transit IIA and the NRL satellite, into orbit 
at one and the same time. 
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Oniy three years have passed since Sputnik 1 
began its journeys around the earth, soon to be 
followed by a whole “galaxy” of artificial heavenly 
bodies of all kinds and sizes. A first catalogue of 
launchings was published in /nteravia No. 9, 1959, 
revealing that during the 21 months from October 
4th, 1957 to June 25th, 1959 a total of 29 vehicles 
had been fired into space, not all of them suc- 
cessfully. The next fifteen months, covered in the 
present survey, saw no fewer than 35 attempts. Of 
these, 31 were made by the United States (a round 
dozen of them, however, being failures), while the 
Soviet Union successfully sent up four space 
probes. Doubtless there have also been failures on 





the Russian side, though no word of them has 
reached the public. 

The new catalogue contains only those satellites 
and planetoids which actually went into orbit, 
since the list would otherwise have grown too 
long. On the other hand, additional information, 
such as launching point, launching weight of 
booster, etc., has been included this time. Finally, 
the diagram on page 1399 shows comparative sizes 
of the various types. 

Whereas in their experiments the United States 
are pursuing a wide variety of objectives, both 
civil and military — from radiation measurements 
via geodetic and meteorogical research, passive 
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and active transmission of messages and navigation 
assistance for ships and aircraft, to the early 
detection of ballistic missile launchings—the 
Soviet Union appears to be directing most of its 
efforts to the moon and towards manned space 
travel. 

The Americans have won world-wide acclaim 
for their Pioneer V, Tiros I, Transit IIA, Echo land 
Discoverer XIV. Radio signals from the Pioneer V 
paddle-wheel planetoid were received by the 
Jodrell Bank radio telescope from distances of up 
to 22.5 million miles or more. The Tiros / tele- 
vision cameras transmitted more then 22,000 
cloud pictures. Transit 11A, launched into orbit 


Survey of Successful Satellites and Space Probes 
(Continued from /nteravia No.9, 1959; as at October, 1960) 





Transmitters: two 40 W transmitters; frequencies 20 and 
108 Mc/s; device for switching off after | year. 

Power supply: 9,600 solar cells plus nickel-cadmium 
batteries. 


Name 

Total orbit weight =: 

(W:) Launching date Booster Objectives and results 

Payload weight Lifetime Launching weight P = perigee, A = apogee 

(Wp) Launch point (W1) Payload I = inclination, T = orbital period 

EXPLORER VI 7 Aug 1959 Three-stage Shape and dimensions: spherical with four 7.9 ft paddle- | Objectives: measurement of radiation, heat and magnetic 

(USA) 1 year plus Thor-Able shaped vanes for solar cells; diameter 26 in. field strength, heavy nuclei in cosmic radiation and 
' . Wz, = 105,000 Ib Equipment: Telemetry instruments designed by Drs. micrometeorite impacts. 

wi Om Spe Seen ae Friedmann and Van Allen. Results: orbit achieved (P = 157 mi; A = 26,378 mi: 


I = 46.9°; T = 12 h 30 min). 





DISCOVERER V 13 Aug 1959 Two-stage 
(USA) to 28 Sep 1959 Thor-Agena 

W: = 1,700 Ib Vandenberg AFB Wi = 100,000 Ib 
Wp = 300 Ib 


Shape: cylindrical with nose cone; diameter 5 ft, length 
19.2 ft. 

Equipment: telemetry and data recording instruments; 
retro-rocket, parachute, radio beacon, radar reflector, 
identification light. 

Transmitter: unknown; one directional antenna and one 
whip antenna. 

Power supply: nickel-cadmium batteries. 


Objectives: attainment of a polar orbit; collection of data 
on propulsion, transmission of communications, orbital 
performance and stabilization; recovery of instrument 
capsule. 

Results: orbit achieved (P = 136 mi; A: = 450 mi; 
T = 94 min). Instrument capsule separated from booster; 
not recovered as it was not sighted and the radio beacon 
was not working. 








39.986 Mc/s, 19.993 Mc/s. Two in the last stage: frequen- 
cies 20.003 Mc/s, 19.997 Mc/s. 
Power supply: not disclosed. 


DISCOVERER VI__ 19 Aug 1959 Two-stage Shape: Objectives: as Discoverer V. 
(USA) to 20 Oct 1959 Thor-Agena Equipment: as Discoverer V Results: orbit achieved (P = 138 mi; A = 537 mi; 
Transmitter: T = 95.3 min). Not recovered. 
W: = 1,700 Ib Vandenberg AFB Wi = 100,000 Ib Power supply: 
Wp = 300 Ib 
| 
LUNIK II 12 Sep 1959 Not known, Shape: spherical; of aluminium/magnesium alloy; Odbjectives: measurement of internal temperature and 
(USSR) to 13 Sep 1959 probably multi- diameter 3 ft 11 in. pressure, earth and moon magnetic fields, particles and 
stage rocket Equipment: measuring instruments. heavy nuclei of primary cosmic radiation. 
Wp = 858.4 Ib Kapustin Yar (?) Transmitters: three in the satellite: frequencies 183.6 Mc/s, Results: impacted on the moon as planned. 





VANGUARD HI 








18 Sep 1959 





Three-stage 


(USA) 30 to 40 years Vanguard STV-7 
Wt = 100 Ib Cape Canaveral Wi = 22,600 Ib 
p = 50 1b 








Shape: spherical; of magnesium; diameter 20 in., with 
a 26 in. cylinder mounted on top; inseparable from third 
Stage. 

Equipment; measuring instruments. 

Transmitters: One 30 mW _ transmitter, frequency 
108 Mc/s; one 80 mW transmitter, frequency 108.03 Mc/s; 
four rod antennas. 

Power supply: silver-zinc batteries. 
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Objectives: measurement of the earth’s magnetic field 
and solar X-rays; investigation of environmental con- 
ditions. 

Results: orbit achieved (P = 319 mi; A = 2,329 mi; 
I = 33.4°; T = 130 min). 





LUNIK III 
(USSR) 


4 Oct 1959 
to 20 May 1960 


Kapustin Yar (?) 


Not known 


Shape: cylindrical with hemispherical end bulkheads; 
of aluminium/magnesium alloy; diameter 3 ft 11 in., 
length 4 ft 3 in. 

Equipment: 35 mm cine-camera with 200 and 500 mm 
lenses; developer; television transmitter; measuring 
instruments. 

Transmitters: two: frequencies 39.986 Mc/s and 
Mc/s; six rod antennas. 

Power supply: solar cells and chemical batteries. 


183.6 


Objectives: photography of back of moon, measurement 
of cosmic radiation, the moon’s magnetic field and 
micrometeorite impacts. 

Results: photographed the moon as planned and is now 
circling the earth (P = 29,500 mi; A = 298,000 mi; 
T = 15 days). 
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Name 

Total orbit weight 

(Wi) Launching date Booster 

Payload weight Lifetime Launching weight 
(Wp) Launch point (Wi) 
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along with the NRL satellite, proved its value as 
a navigation aid for shipping and aircraft, while 
Echo I, which enables radio communications to be 
made over thousands of miles, can be seen with 
the naked eye. Lastly, in the Discoverer XIV shot 
it was finally possible to recover the instrumen- 
tation capsule, as originally planned, during its 
descent through the air. 

Every publicly-announced Soviet launching has 
been a hit, with the possible exception of the 
Sputnik IV whose pressure cabin, instead of re- 
turning to earth on ignition of the retro rockets, 
travelled a bit further away. Lunik II ended its 
relatively short journey in an impact on the moon. 
Its successor, Lunik III, travelled past the moon 
and photographed the hitherto unseen back of 
our natural satellite. And last triumph at the time 
of writing, Sputnik V brought two dogs and other 
animals, plants and instruments safely back to 
mother earth with unexcelled accuracy. 

Yet, in recounting these outstanding perform- 
ances, we should not ignore the failures. Often it 
has been merely some small defect which has 
tipped the balance away from success. The 
following is a brief description of the American 
satellites and planetoids which did not go into 
orbit: 


Explorer (no number): launched by a Juno I/ on 
July 16th, 1959, for the purpose of radiation 
measurements. The booster had to be destroyed by 
the range safety officer soon after launch. In a 
second Explorer (again without number) on March 
23rd, 1960, the third or fourth stage failed to 
ignite. 

Beacon: launched on August 14th, 1959 by a 
modified three-stage Juno II. This balloon satellite 
(diameter 12 ft) was designed to measure air 
densities. Did not go into orbit because the 
propellant burned out prematurely, and the 
attitude control in the upper stages did not 
function. 


Transit I: fired by a Thor-Able on September 
17th, 1959; third stage failed to ignite, therefore 
no orbit reached. Transit I was scheduled to 
investigate the use of satellites as navigation aids. 


Pioneer (no number): launched on November 
26th, 1959, by an Atlas-Able; was supposed to 
scan the moon electronically from a distance of 
some 5,000 miles, but did not get far, as the nose 
casing fell off as a result of excessive vibration, and 
the second stage failed to ignite. 


Discoverers IX, X and XII; launched on 
February 4th and 20th, and June 29th, 1960 from 


Payload 































Left: This Atlas-Agena put the Midas II early warning 
satellite into orbit. Right: 
satellites, the Transit 1/A and the NRL satellite, into orbit 
at one and the same time. 


The Thor-Able Star put two 


Objectives and results 


P = perigee, A = apogee 
I = inclination, T = orbital period 











EXPLORER VII 13 Oct 1959 Four-stage Shape: toroid, of plastic; 30 = 30 in. Objectives: measurement of heat radiation of sun and 
(USA) 2 years Juno II Equipment: measuring instruments. earth; Lyman-Alpha rays, soft solar X-rays; and micro- 
Transmitters: two: frequencies 20 and 108 Mc/s: can be meteorite impacts. 
Wp = 91.5 Ib Cape Canaveral Wi = 120,000 Ib switched off after one year; 4 whip antennas and 4 tele- —_Resuits: orbit achieved (P = 344.5 mi; A = 677.9 mi; 
scoping rod antennas. I = 50.3°; T = 101.35 min). 
Power supply: solar cells and chemical batteries. ~ = ; 
DISCOVERER 7 Nov 1959 Two-stage Shape: Objectives: as Discoverer V. 
VII (USA) to 26 Nov 1959 Thor-Agena ee | as Discoverer V Results: orbit achieved (P = 104 mi; A = 550 mi; 
, ransmitters: = 95 m to the failure of a transformer the 
t = 1,700 Ib Vandenberg AFB Wi = 100,000 Ib Power supply: satellite =. or fully stabilized in orbit (infra-red 
Wp = 300 Ib scanner received no current); instrument capsule did not 
separate as RE 
DISCOVERER 20 Nov 1959 Two-stage Shape: Objectives: as Discoverer V. 
VIII (USA) to 8 Mar 1960 Thor-Agena le | as Discoverer V Results: orbit achieved (P = 120 mi; A = 1,000 mi; 
ransmitters: T = 103.72 min). Instrument capsule re-entered atmos- 
Wi 1,700 Ib Vandenberg AFB Lt = 100,000 Ib Power supply: phere; radio rrr operated Guth pacesundh unfolded. 
Wp = 300 Ib Owing to the highly elliptical orbit, however, the 


These silhouettes (scale 1:100) give an idea of the comparative sizes of the following artificial satellites: 


A ~ Discoverer V and, with slight differences, Midas IJ; B — Explorer VI; C - Vanguard III; D - 
Hl — Transit IB; 1 


- Transit ITA with NRL satellite; 


Lunik Ill; E 


K ~ Sputnik V pressure cabin (estimated size). 





- Explorer VII; F - 


stabilizer used up the gas supplies prematurely; the 
satellite was thus in the wrong position when the capsule 
separated, so that the latter fell several hundred miles 
beyond the recovery area. 


Pioneer V (planetoid); G — Tiros 1; 


w+ tevmeos ll 


a ac cht re . 4 
a Ne SEY nae 


11 Mar 1960 
100,000 years; 
useful life was 
106 days 


Cape Canaveral 


1 Apr 1960 
50—100 years; 
useful life 

78 days 


Cape Canaveral 


13 Apr 1960 
16 months 


Cape Canaveral 


15 Apr 1960 
to 26 Apr 1960 


Vandenberg AFB 


15 May 1960 
Relatively short 


Aralsk (7?) 


24 May 1960 
40 months 


Cape Canaveral 


22 Jun 1960 
50 years 


Cape Canaveral 


No. 11/1960 


Shape: spherical, with four paddle-shaped vanes for solar 
cells; diameter 26 in. 

Equipment: instruments to test tracking facilities for the 
Transit navigation satellites; six external lights, not 
visible to the naked eye; doppler radar test equipment; 
weight of instruments 40 Ib. 

Transmitters: one 5 W and one 150 W; frequency 
378 Mc/s. 

Power supply: 4,800 solar cells charging 28 nickel- 
cadmium batteries. 


Shape: drum; aluminium and stainless steel; diameter 
42 in., height 19 in. 

Equipment: one wide and one narrow angle camera with 
tape recorders, device for immediate or delayed picture 
transmission (on command); two pairs of rockets for 
spin stabilization. 

Transmitters: two frequency-modulated 2 W transmitters 
for picture transmission, frequency 235 Mc/s; two 
30 mW beacons for tracking, frequencies 108 and 


_108.03 Mc/s; four dipole antennas for transmission, one 


dipole for reception. 
Power supply: 9,200 solar cells on top and sides; nickel- 
cadmium batteries. 


Shape: spherical; plastic; diameter 36 in.; two triangular 
bulges for solar batteries. 

Equipment: Two ultra-stable oscillators in temperature- 
resistant Dewar flasks; infra-red scanner to measure 
rotation; two telemetering receivers and transmitters. 
Transmitters: Frequencies 54, 324, 162 and 216 Mc/s; 
spiral ribbon antenna. 

Power supply: Solar cells and nickel-cadmium batteries, 
also silver-zinc batteries. 


Shape: As Discoverer V. 

Equipment: As Discoverer V; plus 10-lb instrument 
capsule in Agena for tests under the Transit programme. 
Capsule contained doppler beacon, flares, etc. 
Transmitters: As Discoverer V. 

Power supply: As Discoverer V. 


Shape: In two parts. 

Equipment: Human dummy; life support equipment; 
tape recorders; retro-rockets; weight of instruments 
3,250 Ib. 

Transmitter: One transmitter for both telemetering and 
voice communication; frequency 19.995 Mc/s. 

Power supply: Solar cells and chemical batteries. 


Shape: Cylindrical; diameter 5 ft, height 22 ft. 
Equipment: Infra-red, telemetering and data transmission 
equipment. 

Transmitters: not known. 

Power supply: Chemical batteries. 


Transit IIA 


Shape: Spherical with rings 
for solar cells; of plastic; 

diameter 36 in. 
Equipment: Two ultra- 
stable oscillators; infra- 
red sensors to detect 
satellite rotation; elec- 
tronic clock as time stand- 
measuring instru- 
receiver (Cana- 


Transmitters: Four, fre- 
quencies 54, 324, 162 and 
216 Mc/s; spiral ribbon 
antenna. 

Power supply: Solar cells 
and nickel-cadmium bat- 
teries. 


NRL Satellite 


Shape: Spherical ; diameter 
20 in. 

Equipment: Measuring in- 
struments. 

Transmitter: One trans- 
mitter on 108 Mc/s; four 
whip antennas. 

Power supply: Solar cells 
and nickel-cadmium bat- 
teries. 





10 Aug 1960 
to 11 Aug 1960 


Vandenberg AFB 


12 Aug 1960 
unlimited 


Cape Canaveral 


18 Aug 1960 
to 19 Aug 1960 


Vandenberg AFB 


19 Aug 1960 
to 20 Aug 1960 


Aralsk (7?) 


13 Sep 1960 
to 14 Sep 1960 


Vandenberg AFB 


4 Oct 1960 
Several years 


Cape Canaveral 


Vandenberg AFB, California, by Thor-Agena. The 
satellites did not go into orbit, as the booster 
vehicle in one case was damaged during launch, 
in another deviated from course and in the third 
failed to achieve the required burnout speed. 


The interior of the unsuccessful Pioneer VI moon satellite. 
Instruments and radio equipment are grouped around the 
fuel tank. 


Shape: As Discoverer V; instrumentation capsule 
diameter 33 in., length 27 in. 

Equipment: As Discoverer V, plus telemetering equipment 
to determine the reasons for re-entry errors in earlier 
tests; number of telemetry check points increased by 
almost 400%. 
Transmitters: 


Power supply: As Discoverer V 


Shape: Spherical; balloon of Mylar plastic with alu- 
minium coating; diameter inflated 100 ft; balloon 
container spherical, diameter 26.5 in., of magnesium. 
Equipment: None. 

Transmitters: On balloon, two beacons for tracking; 
diameter 10 in., thickness 4% in,, weight 11 oz; 10 mW; 
frequency 107.94 Mc/s. In third stage, one beacon for 
telemetering. 60 mW; frequency 108.06 Mc/s. 

Power supply: On balloon, 70 solar cells and five nickel- 
cadmium batteries per beacon. In third stage, mercury 
batteries. 


Shape: as Discoverer XIII. 


Equipment: As Discoverer XIII, plus additional equip- | 


ment weighing 10 Ib, including doppler beacon and 
external lights. 

Transmitters: As Discoverer XIII. 

Power supply: As Discoverer XIII. 


Shape: In two parts; pressure capsule conical with 
rounded end. 

Equipment: Capsule containing two dogs, two rats, forty 
mice, flies, plants, fungi, microscopic water plants, seeds, 
photo emulsions; television camera for observation of 
animals; braking device. 

Transmitters: Number not known; frequency 19.995 Mc/s. 
Power supply: Not known. 


Shape: 
Equipment: 
Transmitters: 
Power supply: 


As Discoverer XIII 


Shape: Spherical; diameter 51 in. 

Equipment: Five tape recorders for data storage, daily 
capacity 3.4 million words. 

Transmitters: VHF and microwave transmitters, VHF 
beacon. 

Power supply: 19,152 solar cells, plus nickel-cadmium 
batteries (12 Ah, 28 V). 


Midas I: \eft Cape Canaveral on February 26th 


1960 aboard an Atlas-Agena and was designed to 
trace ballistic missile firings with the aid of infra- 
red sensors. The second stage is believed to have 
failed to separate from the first. 

Echo (no number): launched on May 13th, 1960 
by a Thor-Delta. Second stage attitude control 
failed, and the third stage received no ignition 
signal from the ground. 


Courier IA: fired on August 18th, 1960 by a 
Thor-Able Star; intended to test the feasibility of a 
global military communications system. The 
booster rocket exploded two and a half minutes 
after launch. 


Pioneer VI was launched from Cape Canaveral 
by a three-stage Aflas-Able on September 25th, 
1960; second stage, however, did not function 
correctly. This satellite was scheduled to circuit 
the moon for measurement purposes. 

* 

So much for the present survey. Competition in 

space is likely to get still more fierce in the years to 


come... and still more costly. The next survey 
may well report on the first return of a man from 
space. Let us hope, finally, that despite its 
enticing military aspects, astronautics will be used 
primarily to make a better world for all. _ 


Full-scale model of the Courier IB. 


INTERAVIA 1461 


No. 11/1960 
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Name 

Total orbit weight 
(W,) 

Payload weight 
(Wp) 


Launching date 
Lifetime 
Launch point 


Booster 
Launching weight 
(Wi) 


Payload 


Objectives and results 


P = perigee, A = apogee 
I = inclination, T = orbital period 





PIONEER V 
(USA) 


= 94.8 Ib 


11 Mar 1960 
100,000 years: 
useful life was 
106 days 


Cape Canaveral 


Three-stage 
Thor-Able 


= 105,000 Ib 


Shape: spherical, with four paddle-shaped vanes for solar 
cells: diameter 26 in. 

Equipment: instruments to test tracking facilities for the 
Transit navigation satellites; six external lights, not 
visible to the naked eye: doppler radar test equipment; 
weight of instruments 40 Ib. 
Transmitters: one 5 W and one 
378 Mc/s. 

Power supply: 4,800 solar cells charging 28 nickel- 
cadmium batteries. 


150 W; frequency 


Objectives: to probe interplanetary space between the 
orbits of earth and Venus; long-range communication 
experiments; to study methods of measuring astro- 
nomical distances; to collect data on plasmas, cosmic 
radiation, charged solar particles, magnetic fields, 
temperatures and micrometeorite impacts. 

Results: Solar orbit achieved (perihelion 74.9 million mi; 
aphelion 92.3 million mi; inclination to ecliptic 3.35°; 
orbital period 311.6 days; speed on burnout of third 
stage 24,689 m.p.h.). Measured energy and density of 
particles, magnetic fields and the effects of solar flares; 
radio contact maintained until June 26th, when Pioneer V 
had transmitted for 138.6 h; distance from earth 22.5 
million mi. 





TIROS I 
(USA) 


= 270 Ib 


1 Apr 1960 

50— 100 years; 
useful life 

78 days 


Cape Canaveral 


Three-stage 
Thor-Able 


W i = 150,000 Ib 


Shape: drum: aluminium and stainless steel; diameter 
42 in., height 19 in. 

Equipment: one wide and one narrow angle camera with 
tape recorders, device for immediate or delayed picture 
transmission (on command); two pairs of rockets for 
spin stabilization. 

Transmitters: two frequency-modulated 2 W transmitters 
for picture transmission, frequency 235 Mc/s; two 
30 mW beacons for tracking, frequencies 108 and 
108.03 Mc/s; four dipole antennas for transmission, one 
dipole for reception. 

Power supply: 9,200 solar cells on top and sides; nickel- 
cadmium batteries. 


pe patent testing of television equipment for a world- 
ide meteorological information system. : 

poe orbit achieved (P = 429.7 mi; A = 467.4 mi; 

I = 48.3%; T = 99.2 min; speed at burnout of third 

stage = 16, 809 m.p.h.). Television equipment sent more 

than 22,000 cloud pictures back to earth. 





TRANSIT IB 
(USA) 


= 265 Ib 


13 Apr 1960 
16 months 


Cape Canaveral 


Two-stage 
Thor-Able Star; 
second stage with 
gimballed re- 
igniting Aerojet- 
General motor 


Shape: spherical; plastic; diameter 36 in.; two triangular 
bulges for solar batteries. 

Equipment: Two ultra-stable oscillators in temperature- 
resistant Dewar flasks; infra-red scanner to measure 
rotation; two telemetering receivers and transmitters. 
Transmitters: Frequencies 54, 324, 162 and 216 Mc/s; 
spiral ribbon antenna. 

Power supply: Solar cells and nickel-cadmium batteries, 
also silver-zinc batteries. 


Objectives: Testing of equipment for all-weather navi- 
gation by ships and aircraft. 

Results: Orbit achieved (P = 233 mi; A = 479 mi; 
lL = 51°: TF = 96 min; on reaching orbit 16,590 
m.p.h.). Proved feasible as navigation system. 





DISCOVERER XI 


15 Apr 1960 
to 26 Apr 1960 


Vandenberg AFB 


Two-stage 
Thor-Agena 


Wi = 108,500 Ib 


Shape: As Discoverer V. 

Equipment: As Discoverer V; plus 10-lb instrument 
capsule in Agena for tests under the Transit programme. 
Capsule contained doppler beacon, flares, etc. 
Transmitters; As Discoverer V. 

Power supply: As Discoverer V. 


Objectives: As Discoverer V. 

Results: Orbit achieved (P = 109 mi; A = 380 mi; 
I = 80.1°; T = 92.25 min). Instrument capsule ejected, 
but re-entry not-observed; no attempt at recovery. 





We = 10,008 Ib 
Wp = 5,512 Ib 


15 May 1960 
Relatively short 


Aralsk (?) 


Multi-stage rocket, 
no details known 


In two parts. 
Human dummy; 
retro-rockets; 


Shape: 

Equipment: 

tape recorders; 
, 


life support equipment; 
weight of instruments 


Transmitter: One transmitter for both telemetering and 
voice communication; frequency 19.995 Mc/s. 
Power supply: Solar cells and chemical batteries. 


Objectives: Testing of equipment for manned wee 
travel and attempt at recovery of a pressure 


orbit (P = 191 mi; A = 429 mi; T = 94.25 min), instead 
ging it back to earth. Spoken messages stored on 
tape and received on earth. ‘ 





MIDAS II 
(USA) 


= 5,000 Ib 


24 May 1960 
40 months 


Cape Canaveral 


Two-stage 
Atlas-Agena 


= 260,000 Ib 


Shape: Cylindrical; diameter 5 ft, height 22 ft. 
Equipment: Infra-red, telemetering and data transmission 
equipment. 
Transmitters: 
Power supply: 


not known. 
Chemical batteries. 


Objectives: Testing of a system to detect missile launch- 
ings with the aid of infra-red sensors. 

Results: Orbit achieved (P = 292 mi; A = 322 mi; 
I = 33°; T = 94.3 min). Equipment for transmitting 
data from infra-red sensors failed two days after launch- 
ing. 





ag oh HA 


SATELLITE 
(USA) 


W> Transit IIA 
= 223 lb 
Wp» NRL = 42 lb 


1400 = INTERAVIA 


22 Jun 1960 
50 years 


Cape Canaveral 


No. 11/1960 


Two-stage 
Thor-Able Star 


= 105,000 Ib 


Transit ITA NRL Satellite 


Transit ITA NRL Satellite 


Shape: Spherical with rings 
for solar cells; of plastic; 
diameter 36 in. 


Equipment: Two ultra- 
stable oscillators; infra- 
red sensors to detect 
satellite rotation; elec- 


tronic clock as time stand- 


ard; measuring instru- 
ments; receiver (Cana- 
dian). 


Transmitters: Four,  fre- 
quencies 54, 324, 162 and 
216 Mc/s; spiral ribbon 
antenna. 

Power supply: Solar cells 
and nickel-cadmium bat- 
teries. 


Shape: Spherical ; diameter 
20 in. 
Equipment: 
struments. 
Transmitter: One trans- 
mitter on 108 Mc/s; four 
whip antennas. 

Power supply: Solar cells 
and nickel-cadmium bat- 
teries. 


Measuring in- 


Objectives: Testing the 
value of satellites as navi- 
gation aids for aircraft 
and ships; improving ac- 
curacy of geodetic meas- 
urements; provision of 
time standard; measure- 
ment of galactic noise. 


nee Orbit achieved (P 
66.7°; T = 101.7 min). 
following ‘the same rain both 


Objectives: Measuring so- 
lar radiation (Lyman-Al- 
pha and X-rays). 
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W,p = 10,120 Ib Aralsk (?) 


rocket of up to 
1,000,000 Ib thrust 


mice, flies, plants, fungi, microscopic water plants, seeds, 
photo emulsions; television camera for observation of 


animals; braking device. 


Transmitters: Number not known; frequency 19.995 Mc/s. 


Power supply: Not known. 


(Wd Launching date Booster Objectives and results 
Payload weight Lifetime Launching weight P = perigee, A = apogee 
(Wp) Launch point (W1) Payload I = inclination, T = P orbital period 
DISCOVERER 10 Aug 1960 Two-stage Shape: As Discoverer V; instrumentation capsule Objectives: As Discoverer V, plus testing of new systems, 
XI (OSA) to 11 Aug 1960 Thor-Agena diameter 33 in., length 27 in. equipment, components, materials and construction 
Equipment: As Discoverer V, plus telemetering equipment techniques. 
Wt = 1,700 Ib Vandenberg AFB = 108,500 Ib to determine the reasons for re- -entry errors in earlier Results: _ Orbit achieved (P = 161 mi; A = 436 mi: 
Wp = 300 Ib tests; number of telemetry check points increased by Re ; T = 94.1 min; speed on reaching orbit 
_— 400%. ' 17,614 ‘pki: capsule ejected and recovered from 
ransmitters: r om _ Pacific. 
Power supply: | As Discoverer \ 
ECHO! 12 Aug 1960 Three-stage Shape: Spherical; balloon of Mylar plastic with alu- Objectives: Investigation of the feasibility of world- 
(USA) unlimited Thor-Delta minium coating; diameter inflated 100 ft; balloon wide communication satellites. Aluminium coating 
container spherical, diameter 26.5 in., of magnesium. designed to reflect 98 % of radio waves up to a frequency 
Wp = 166 Ib Cape Canavera! = 112,000 Ib Equipment: None. of 20,000 Mc/s. 
Transmitters: On balloon, two beacons for tracking; Results: Orbit achieved (P = 945 mi; A = 1,049 mi: 
diameter 10 in., thickness ¥ in., weight 11 oz; 10 mW: — | = 47,2°;'T = 118.3 min; speed at P = 15,973 m.p.h. 
frequency 107.94 Mc/s. In third stage, one beacon for at A = 15,643 m.p.h.). Voice eumimunications Carried 
telemetering. 60 mW; frequency 108.06 Mc/s. out, e.g., between Holmdel, New Jersey, and Goldstone 
Power supply: On balloon, 70 solar cells and five nickel- California. , ° 
cadmium batteries per beacon. In third stage, mercury 
batteries. 
DISCOVERER 18 Aug 1960 Two-stage Shape: as Discoverer XIII. Objectives: As Discoverer XIII; also measurements 
XIV (USA) to 19 Aug 1960 Thor-Agena Equipment: As Discoverer XIII, plus additional equip- — within Transit programme. 
ment weighing 10 Ib, including doppler beacon and Results: Orbit achieved (P = 187 mi: = §02 mi: 
Wt = 1,700 Ib Vandenberg AFB Wi = 108,500 Ib external lights. I = 79.6°; T = 94.5 main). Instrument capsule captured 
Wp = 300 Ib Transmitters: As Discoverer XIII. by a Fairchild C-119 in flight, at an altitude of 8,000 ft 
Power supply: As Discoverer XIII. 360 mi southwest of Honolulu. . 
SPUTNIK V 19 Aug 1960 Not known, Shape: In two parts; pressure capsule conical with Objectives: Testing of pressure capsule and recovery 
(USSR) to 20 Aug 1960 probably rounded end. equipment; light measurements and investigation of 
multi-stage Equipment: Capsule containing two dogs, two rats, forty heavy nuclei in the primary cosmic radiation, ultra- 


violet radiation from the sun and radiation inside 
pressure capsule. 

Results: Orbit achieved (P = 190 mi; A = 211 mi; 
I = 64° 57’; T = 90.72 min); capsule and carrier stage 
recovered after 18th orbit and 437,500 mi travel; landing 
occurred some 6 mi from scheduled point. 












DISCOVERER 13 Sep 1960 Two-stage Shape: Objectives: As~ Discoverer XIII. 
XV (USA) to 14 Sep 1960 Thor-Agena Equipment: | as Discoverer XIII Results: Orbit achieved, data not known. Instrument 
Transmitters: Pacific after re-en 

= 1,700 Ib Vandenberg AFB Wi = 108,500 Ib Power supply: of pacts ming (935 mi heen vant ig 
Wy = 300 Ib area); recovery attempts unsuccessful. 
COURIER IB 4 Oct 1960 Two-stage Shape: Spherical; diameter §1 in. 3) Te of feasibility of satellites for a global 
(USA) Several years Thor-Able Star Equipment: Five tape recorders for data storage, daily 4 network, to receive and store 

; capacity 3.4 million words. messages "ater retransmission on ¢ Alconnecic ag 

Wp = 500 Ib Cape Canaveral Wi = 105,000 Ib Transmitters: VHF and microwave transmitters, VHF ~ Regus: Orbit achieved (P = 500 mi; A = 750 mi); 


Vandenberg AFB, California, by Thor-Agena. The 
satellites did not go into orbit, as the booster 
vehicle in one case was damaged during launch, 
in another deviated from course and in the third 
failed to achieve the required burnout speed. 


rhe interior of the unsuccessful Pioneer VJ moon satellite. 
Instruments and radio equipment are grouped around the 
fuel tank. 
















beacon. 
Power supply: 
batteries (12 Ah, 28 V). 


Midas I: left Cape Canaveral on February 26th 
1960 aboard an Atlas-Agena and was designed to 
trace ballistic missile firings with the aid of infra- 
red sensors. The second stage is believed to have 
failed to separate from the first. 

Echo (no number): launched on May 13th, 1960 
by a Thor-Delta. Second stage attitude control 
failed, and the third stage received no ignition 
signal from the ground. 


Courier IA: fired on August 18th, 1960 by a 
Thor-Able Star; intended to test the feasibility of a 
global military communications system. The 
booster rocket exploded two and a half minutes 
after launch. 


Pioneer VI was launched from Cape Canaveral 
by a three-stage A/las-Able on September 25th, 
1960; second stage, however, did not function 


correctly. This satellite was scheduled to circuit 


the moon for measurement purposes. 
Xk 


So much for the present survey. Competition in 


space is likely to get still more fierce in the years to 


19,152 solar cells, plus nickel-cadmium 





eee 


come... and still more costly. The next survey 
may well report on the first return of a man from 
space. Let us hope, finally, that despite its 
enticing military aspects, astronautics will be used 
primarily to make a better world for all. + 


Full-scale model of the Courier /B. 
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Grumman Mohawk... 


The Army’s Flying Scout 


I is in no way an easy task to lay down technical specifications for 
an ideal Army support aircraft to meet the requirements of modern 
land warfare. For one thing, forces must be armed for atomic war, 
while at the same time being prepared for conventional war. This 
means that army units must be widely dispersed, yet capable of rapid 
concentration; geared on the one hand to a wide-ranging war of move- 
ment, and on the other to more or less “‘static” operations. The army’s 
air units at any rate must be designed for both forms of combat. 
Secondly, there is the thorny problem of drawing the dividing line 
between army and air force responsibilities. In recent years, however, 
the NATO countries appear to have found a solution which satisfies 
both sides. This specifies roughly that wide-area reconnaissance, air 
defence of the combat zone, air support for the land battle and large- 
scale transport should be left to the air force, while liaison and ambu- 
lance flights in the combat zone, the transport of assault troops, and 
in particular surveillance of the battlefield, target spotting and artil- 
lery observation are typical army aviation responsibilities. * Following 
this idea, the United States and Canada have already acquired a 
substantial number of DHC Beaver and Caribou tactical transports 
and a fleet of helicopters for Army needs, while their European allies 
are using such aircraft as the Max Holste Broussard, Scottish Aviation 


* Cf. General L. M. Chassin: “What Kind of Aviation does the Army Need ?”’ in Inter- 
avia No. 7, 1958, p. 687 et seq. 
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Pioneer, Dornier Do 27 and various helicopters. For surveillance, tar- 
get spotting and artillery observation, light aircraft have been chosen— 
faute de mieux (Piper, Cessna, Beach, Auster, Nord Aviation, etc.); 
these, for example, are included to the respectable number of some two 
dozen in the inventory of each of the U.S. Army Pentomic divisions. 


What therefore are the requirements which must be met by a modern 
Army cooperation aircraft for reconnaissance and support: duties? 
As its primary tasks are to carry out visual and photographic recon- 
naissance of the combat area and direct the fire of gun and rocket 
batteries, it must be able to operate from small fields and unprepared 
surfaces as close to the front line as possible. Constant up-to-date 
information on the development of the combat situation is of vital 
importance to the local commander on the ground, and the excessive 
delays which would occur if aircraft had to waste valuable time in 
flying from the base to the area of operations cannot be accepted. 
Similarly, it is essential that the passage of information from the re- 
connaissance unit to the ground commander should be as rapid as 
possible. To meet these needs, an aircraft must have at least STOL 
qualities, though the ideal would obviously be a rugged, foolproof 
VTOL model. 

In addition, the army reconnaissance aircraft is expected to survive 
the operations on and above the battlefield. On the ground, therefore, 
it must be easy to camouflage, and in the air must have superior 


Grumman Mohawk with SLAR side-looking airborne radar underneath the fuselage. The SLAR scans the terrain to either side of the flight path and displays the echoes on screens, 


where they are photographed by an automatic film camera. 
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manoeuvrability to enable it to evade enemy fighters, for example 
by flying tight turns or by keeping low and making use of the cover 
provided by broken ground. It must have a crew of two, since a single 
pilot cannot be expected to concentrate at one and the same time 
on flying low, keeping a constant watch against attack and spotting 
significant but often inconspicuous details in the terrain and the com- 
bat situation. Finally, the army aircraft must be designed for ease of 
maintenance in the operational theatre, using simple facilities and a 
minimum of technicians. 

On the other hand, an aircraft of this category must not be either 
too small or too light, otherwise its operational value will be limited. 
At least two engines would appear to be mandatory, to reduce vulner- 
ability to fire from ground weapons. Furthermore, the crew must be 
in a position to attack targets of opportunity, such as vehicles, as soon 
as they are spotted, using missiles, rockets or napalm bombs. If ad- 
ditional support has to be called up, such targets may well escape 
undamaged. Last but not least, the wide dispersion tactics practised 
today by both friend and foe greatly increase demands on aircraft 
endurance, normal radius of action and ferry range, which means 
that a considerable quantity of fuel must be carried either inside the 
aircraft itself or in auxiliary tanks underneath the wings. 


These are some of the considerations which led Grumman Aircraft 
Engineering Corporation, of Bethpage, Long Island, N. Y., to produce 
a revolutionary new design for a twin-engine, two-seat STOL aircraft, 
the Mohawk. No fewer than 86 of these aircraft (9 of the YAO proto- 
types and 77 AO-1Is) have been ordered for the U. S. Army and U.S. 
Marine Corps. A company which for decades has worked almost 
exclusively on Navy requirements has thus not only extended the range 
of its customers, but at the same time inaugurated a new era in Army 
air operations. The first prototype (YAO-1) of the Mohawk made 
its maiden flight on April 13th, 1959. The flight test programme has 
meanwhile been practically completed, and quantity production has 
begun. 


Structural details 


The Mohawk is an all-metal mid-wing monoplane with a span of 42 
feet and a maximum wing loading of only 30.5 Ib/sq. ft. Power is 
supplied by two Lycoming T53-L3 turboprops of 1,005 e. h. p. each 
on take-off (960 s.h. p. plus 110 Ib residual thrust), which drive 
continuously variable three-blade propellers of relatively large dia- 
meter (roughly 10.5 ft). Thanks to the extremely small propeller load- 


The Mohawk’s main instrument panel is inclined 15 degrees forwards: dual sets of blind 
flying instruments; several voice radio sets; radio compass; oxygen equipment. The 
engine throttles are, as usual, positioned between the two seats. 


























A production model aircraft (AO-1AF) takes off from a semi-prepared airfield. Slats, 
Fowler flaps, low power loading and wing loading and large propeller disc ensure out- 
standing short take-off capabilities. 





Main data for the Grumman AO-1 Mohawk 


Dimensions Weights 


Weight equipped 
Useful load 

Gross weight. .... 
Max. wing loading . . 30.5 Ib/sq. ft. 


Powerplant 


Two Lycoming T53-L3 turboprops 

Large-diameter three-blade v.p. propellers 
Take-off power (25,240 r.p.m.) 
Continuous power (24,430 r.p.m.). . 6... eee ee ee 
Propeller speed (take-off) 
Power loading (take-off) .......-..200 0 cee wees ann 


Performance 


Max. speed at 5,000 ft 
Stalling speed, with flaps 
Initial rate of climb, twoengines ..........0555 88 
Initial rate of climb, one engine. ........6 2 ee ee es 
er NN bio ik Wh: 0a ee Pa ey eae bbe has 
Total endurance at 230 m.p.h. and 5,000 ft 
Total endurance with auxiliary tamks*. .......... 44s 
Take-off distance to 50ftaltitude. ............05. 
Landing distance from 50 ft 
Ferry range with auxiliary tanks* ..........545008 5 1, 
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* two tanks, capacity 150 U.S. gallons each. 











As it has not been possible to give the crew defensive weapons, two Martin-Baker 
MB-AS ejection seats are fitted. If necessary, the crew can be shot through the roof hatch. 
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The radio and electronic bay, easily ac- 
cessible from the ground, lies in front of 
the air brakes (maximum deflection angle 
60 degrees). Photo shows a mock-up of 
the aircraft. 
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Further forward, in the fuselage belly, are 
the cameras. 


ing and the low wing loading, the aircraft can take off in a very short 
distance—roughly 660 ft to clear a 50-ft obstruction. Low-pressure 
tyres on the undercarriage (Goodyear) permit of take-off from grass 
fields and forest clearings. The requirement for good short take-off 
capabilities on makeshift airfields is therefore met. 


The aircraft has top speeds of more than 315 m. p. h. Nevertheless, 
thanks to large-area Fowler flaps and leading edge slats extending 
over the full span, its stalling speed is unusually low, namely 64 m. p. h., 
which gives a speed range of 1 : 5. During approach to landing the air 
brakes in the fuselage sides can be deflected by 60 degrees, so that total 
landing distance from 50 ft is under 780 ft. To improve directional 
stability with one engine out and to avoid powered controls, the aircraft 
is fitted with three fins... though originally it had only one. The out- 
board fins act as end plates for the low-set elevator unit and thus 
improve the latter’s efficiency at low speeds with flaps in operation. 





Pilot and observer sit side by side in a roomy cabin with bubble- 
type side panels giving a good downward view for both crew members. 


Though normally fitted with Goodyear low-pressure tyres, the Mohawk’s undercarriage Forward vision is also good, thanks to the extra-short fuselage nose, 
can also be equipped with skids which, when retracted, lie flush against the underside and the crew can keep a look-out upwards—though not rearwards— 


of the aircraft and thus produce no appreciable drag. 
through the glass canopy. As it has not been possible to provide the 


Special attention has been given in the design of the Mohawk to ease of maintenance in the operations area: port and starboard engines, main undercarriage legs, outboard fins and 
elevators are interchangeable, which simplifies the provision of replacements. Only hand tools are needed to exchange the components which experience suggests will require more 


frequent replacement. 
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crew with defensive weapons, the aircraft is at least fitted with two 
Martin-Baker MB-AS ejection seats, to ensure rapid escape from any 
altitude in an emergency. The crew need not even jettison the cabin 
canopy first, but can be projected through the roof hatch. 


The Mohawk’s equipment includes —in addition to removable equip- 
ment and voice radio—one or more reconnaissance cameras mounted 
vertically or obliquely in the underside of the fuselage, plus guided 
missiles or containers for unguided rockets on under-wing pylons for 
anti-tank operations. The rockets can be replaced by napalm bombs 
or two auxiliary fuel tanks with a capacity of 150 U. S. gallons each. 
For night operations, two flare containers (52 flares each) can be 
mounted on top of the wing roots. The flares are ejected upwards. 
Finally, in view of the steadily growing importance of radar recon- 
naissance, a long tubular container can be carried under the forward 
portion of the fuselage—slightly to starboard—for the SLAR (side- 
looking airborne radar). This equipment scans the ground to either 
side of the flight path, displays the results on screens and then photo- 
graphs the image with an automatic film camera (4 x 5 in.cut film 
or 70-mm film strip). When time presses, the film can be developed 
immediately by an inflight processer, so that the observer can inter- 
pret the photographs a few minutes after exposure (as a general rule, 
however, interpretation will probably be left to the staff back at base). 
The outcome is a radar map of the terrain flown over. There is no 
need to add that the Mohawk will also be equipped with radio compass 
(and possibly a TACAN station), full blind flying instrumentation, 
and oxygen system. 


Other features: the two main wheels are retracted outwards to lie 
underneath the engine nacelles, which results in a relatively narrow 
track width. The robust shock absorber undercarriage legs have a 
very long travel and can cope with a maximum vertical velocity 
of 17 ft/sec. Special attention has been given to ease of maintenance. 
Port and starboard engines are interchangeable, which simplifies the 
supply of replacements, and each engine can be removed or installed 
by two men in thirty minutes, using a special davit developed by 
Grumman. The main undercarriage legs, horizontal stabilizer halves, 
elevators and outboard fins and rudders are also interchangeable. All 
access panels to components and accessories are positioned so as to be 
accessible to a man standing on the ground. Finally, all components 


Each engine can be removed or installed by two men 
within 30 minutes, with the aid of a special davit de- 
veloped by Grumman and a standard bomb hoist. 
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The excellent manoeuvrability of the Mohawk enables it to fly very tight turns near the 
ground, thus making optimum use of ground cover. 


requiring frequent replacement are designed in such a way that no 
cutting, fitting or drilling is needed. Damaged wing or tail panels are 
replaced en bloc. 

The introduction of the Mohawk into U.S. Army aviation will thus 
represent a considerable step forward in the techniques of battlefield 
reconnaissance: its STOL qualities will enable it to use forward air- 
fields which can be easily camouflaged. For campaigns of movement, 
its greatly increased range and speed will permit it to maintain its 
position with the leading troops, while working from airfields that 
have been left considerable distances behind the front line. And finally 
but not least important, it can operate in practically any weather and 
is well equipped to deal with targets of opportunity. 

It has often been said that “‘reconnaissance wins wars,” and it is 
obvious that the best informed commander always possesses the initia- 
tive. Armed with aircraft of the capability of the Mohawk, the recon- 
naissance forces will be well equipped to win and maintain that 
initiative. + 


Manufacturing the Mohawk at the Grumman Bethpage plant, Long Island. So far a total of 86 aircraft have 
been ordered for the U.S. Army and U.S. Marine Corps. 


— —— 


enna ——— 
sj RRSP, BES eT 


INTERAVIA No. 11/1960 1405 





















Whither World 
Air Transport? 


Marginal Notes on the 
16th [ATA Annual General 
Meeting in Copenhagen 


After 40 years the Annual General 
Meeting of the International Air 
Transport Association has re- 
turned to IATA’s cradle. For 
it was in Copenhagen that the 
International Air Traffic Asso- 
ciation held its first Annual 
General Meeting in 1920, a year after its foun- 
dation, and that the six founder companies of 
the original IATA agreed on their Articles of 
Association. Who at that time could have fore- 
seen the development which was to take place 
during the next four decades? And who would 
have believed that air transport would reach out 
across the continents and oceans to become an eco- 
nomic and political factor of the first magnitude? 

But despite all the transformations in its struc- 
ture and technical equipment, the overall problem 
of air transport remains the same. Travel by air 
must still be made as economical and comfortable 
as possible, so as to open it up to ever wider 
categories of passengers. But the number of 
individual problems has grown with the rapidly 
increasing volume of this branch of transport. 
And the impartial observer is surprised that IATA 
can continue to regulate the powerful machinery 
of world air transport, and that it can more or 
less meet the wishes of its 89 members while tak- 





displayed by the speakers: 
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Say it with music... The opening of the 16th IATA Annual General Meeting at the Falkoner Centret, Copenhagen. 













This year the platform was occupied not by the IATA Executive Committee, but by the Royal Danish Symphony Orchestra. 


ing account of the diametrically opposed demands 
of individual companies. 

At the opening session of the 16th Annual 
General Meeting, attended by King Frederik 
and Queen Ingrid of Denmark, speakers voiced 
clear and unambiguous pleas for the liberalization 
of world air transport. The Danish Prime Minis- 
ter Viggo Kampmann, the outgoing IATA Presi- 
dent Seijiro Yanagita (Japan Air Lines), and the 
new President, Ake Rusck (SAS), strongly 
emphasized the need for an “‘open skies”’ policy 
and pressed for greater liberality in granting land- 
ing rights. The current United States air transport 
negotiations with the Japanese Government and 
with Norway, Sweden and Denmark provided a 
highly topical background for these demands. 
Although bilateral negotiations for landing 
rights and air routes are not the province of IATA, 
such agreements invariably have repercussions on 
the tariff structures of IATA members. Should the 
protectionist trends in world air transport become 
intensified, certain zones will find themselves in 
dangerous isolation. And the main aim of IATA, 
as set forth in its Articles of Association — to 
promote safe, regular and economical air trans- 
port for the benefit of the peoples of the world — 
will remain a hollow mockery. 

As expected, the worldwide introduction of jet 


Guests of honour at the 
opening session: King 
Frederik and Queen Ingrid 
of Denmark. 


Restrained optimism was 


Director General Sir 
William Hildred (left) and 
Ake Rusck, President for 
1960/61. 


aircraft and the resulting sudden increase in seat 
capacity provided the main topic of discussion 
for the more than 200 delegates who met between 
September 12th and 16th at the Falkoner Centret 
in the heart of Copenhagen at the invitation of 
the host airline, SAS. But questions of basic 
importance regarding the internal organization 
of IATA were also on the agenda and were the 
subject of discussions even during intervals be- 
tween sessions and in private conversations. 
Since the reorganization of the International 
Air Transport Association in 1946, power to bind 
and loose has been concentrated in the hands 
of the eighteen-member Executive Committee, 
which makes final decisions and determines the 
structure of the agreements and conventions 
concluded within IATA. For years now, the 
smaller companies have been pressing for a voice 
in the Executive Committee to enable them to 
break free from the oppressive monopoly of the 
larger carriers. But this year too, the trial of 
strength between great and small ended in favour 
of the former, for the Committee, which consists 
for the most part of representatives of the leading 
air transport companies, elects its new members 
itself. As was to be expected, the seats vacated 
this year by former BOAC Chairman Sir Gerard 
d’Erlanger and I. A. Aler, President of KLM, 
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have been reoccupied by representatives of the 
same companies. The balance of power in the 
Executive Committee remains unchanged. 


The air transport giants claim that their presence 
on the Executive Committee is justified because 
—on the basis of their impressive operating 
statistics they pay considerably higher member- 
ship fees than the smaller companies. But a de- 
mocratization of the election mechanism for this 
committee and other permanent IATA bodies 
seems essential if certain companies are not toleave 
the organization in coming years. What is-more, 
the Executive Committee also provides over 90 
percent of the members of the Traffic Advisory 
Committee, so that this important body likewise 
represents the opinion of the Executive Commit- 
tee in vital matters. The Traffic Advisory Commit- 
tee recently recommended separate voting on 
passenger and freight tariffs with the aim of ex- 
cluding pure freight operators from decisions on 
passenger fares, a recommendation which under- 
standably met with fierce opposition from the 
freight operators. Even in the first plenary session, 
the resignation of Traffic Director John Brancker, 
engineered by Sir William Hildred, the Director 
General, led to a lively debate, which centred not 
only on the person of the undoubtedly capable 
Traffic Director, but also on the relationship 
between the IATA Directorate and the IATA 
Traffic Conferences. For the time being Sir Wil- 
liam himself will take over Brancker’s duties, 
until a special committee has “reviewed the admin- 
istrative machinery of Traffic Conferences and 
their relations with the Executive Committee.”’ 


The tug-of-war inside IATA is, of course, 
primarily concerned with the fare structure and in 
particular with the wish of certain financially 
powerful companies to reduce fares still further. 
In this connection, attention should again be 
drawn to the introduction of the cut-rate 17 day 
winter excursion fares across the North Atlantic 
on October Ist. Although all the major North 
Atlantic operators are organizing vast sales cam- 
paigns to advertise the new fares, the prospects and 
expectations of individual companies differ widely. 
An Interavia inquiry gives the following picture. 


Pan American World Airways is optimistic and says 
that economy class advance bookings for the first 
week of October were double last year’s figures 
(2,230 against 1,085), but advance bookings for later 
weeks tapered off to last year’s figures. 


Trans World Airlines is even more optimistic and 
estimates that some 50,000 passengers will use the new 
excursion fare on the North Atlantic between October 
and December this year. October eastbound economy 
class forward bookings were up 133 percent on last 
year, and November bookings were up over 300 per- 
cent. 


Trans Canada Airlines, one of the main advocates 
of the new rates at the IATA Traffic Conference in 
Paris earlier this year, says that the excursion fares 
were largely responsible for a 150 percent increase in 
advance bookings for October. Figures for the follow- 
ing five months are also well up on last year. 


BOAC says that the announcement of the new ex- 
cursion fare has brought a significant increase in over- 
all advance bookings. BOAC forward bookings from 
Canada are 130 percent up on last year’s figures. 


Air France strikes a pessimistic note and sees little 
prospects for a significant increase in North Atlantic 
traffic; like several other carriers, it points out that the 
passengers utilizing the new rates will be gained at the 
expense of the normal economy class. Air France 
comments that winter is in any case hardly a suitable 
time for Europeans to take holidays in the United 
States. 


Swissair says that it is too early yet to assess public 
reaction, but that advance bookings show a definite 
increase over last year. The greatest response is from 
the travel industry, which has readily adapted the 
new rate to the promotion of group travel and study 
tours. The carrier believes that, given time, the ex- 
cursion fare will help to open up new traffic sources. 


Lufthansa is facing its first winter season with jets 
and can make no comparison with last year. The car- 


But there are only three possible ways of lower- 
ing air fares: a further reduction in the airlines’ 
already slim profit margins (where such do, in 
fact, exist), government subsidies, and finally, the 
reduction of direct operating costs for the services 
offered. But few appreciable savings can be made 
here, apart from lowering fuel prices and introduc- 
ing modern navigation aids to enable the shortest 
possible distances to be flown between landing 
points. For all IATA members, fuel costs ac- 
count on an average for 15 to 16 percent of total 
expenditure, but will rise to 30 percent after all 
the jet aircraft at present on order have been 
placed in service. Fuel costs could be appreciably 
lowered only by the issue of new fuel specifications 
(same energy content at lower cost), improved 





Airline heads as the guests of the Danish Government at the Hétel d’Angleterre. 


rier believes that the question of a possible increase in 
traffic is wide open. 


Sabena says that bookings are higher than last 
year, but that it is impossible to ascertain whether this 
is the result of the introduction of new rates or solely 
due to the normal increase in traffic. Sabena feels that 
a 17 day excursion period is too short, and that this 
should be increased to at least 30 days. 


SAS also reports an increase in advance bookings 
and expects that the new rates will be exploited by 
commercial houses to intensify business contacts. The 
carrier feels that businessmen may now take assistants 
with them and that trainees and junior executives may 
be sent on study trips. 

KLM expects a considerable increase in North 
Atlantic traffic, but at some cost to normal economy 
class traffic. KLM found that there had been no great 
rush for. advance bookings in view of the available 
capacity. 


In the opinion of the Director General, fare 
reductions in the past have made a vital contri- 
bution to the development of international air 
transport, and IATA should therefore continue 
to follow this policy. More important than further 
increases in speed was the reduction of fares, said 
Hildred, alluding to the increasing talk of super- 
sonic transport. 


fuel metering, cheaper refuelling methods and, 
last but not least, reductions in the taxes charged 
by various States. In view of the general upward 
trend of costs, however, reduced fares seem 
hardly justifiable in the case of many companies. 
Only financially strong carriers can afford further 
reductions on certain routes without first ob- 
taining precise information on the passenger 
volume to be expected. 


On the other hand, general improvements 
which will have a favourable effect on airline 
costing plans can be made in ground organization, 
and the formation of a Ground Handling Advisory 
Group, announced by the Executive Committee, 
was universally welcomed. The Group’s main 
task will be to speed up the processing of pas- 
sengers and cargo through main airports and 
town terminals, reducing the time taken from the 
moment of check-in at town terminals until actual 
aircraft take-off. The Group will be made up 
of experts from twelve international carriers in 
Europe, North America, Australia and the Far 
East. Assuming full support from all airport 
authorities, much valuable work should be done 
in this field. 


Despite the difficulties mentioned above, world 
air transport has some cause to congratulate 
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Functional modern design — the Falkoner Centret with 
the Tre Falke Hotel, the scene of the International Air 
Transport Association’s 16th AGM. 


itself on its performance for last year. As the 
preliminary ICAO estimates for 1959 show, oper- 
ating revenues have increased by about 11.8 
percent to $4,610 million; operating expenses 
have risen 8.8 percent to $4,470 million, leaving 
an estimated operating profit of about $140 mil- 
lion, or 3.1 percent. Small as this is, it represents 
a considerable improvement over the 1958 figure 
of under 0.5 percent. 

As for operating statistics, the [ATA companies 
reported passenger-kilometres up by 14 percent, 
freight tonne-kilometres up by 16 percent and 
mail tonne-kilometres up by 11 percent. For the 
current year, it is predicted that the scheduled 
operators will carry over 100 million passengers, 
compared with 31 million in 1950. Across the 
North Atlantic the rise has been particularly 
gratifying: the passenger volume for 1959 in- 
creased by 19.2 percent over the previous year, 
and the freight volume by 45.5 percent. 

At the end of 1959 the total operating fleet of 
IATA members stood at 3,479 aircraft. A total 
246 older aircraft were retired during the year, 
and 126 new jets, 150 new turboprops and 7 new 


Pilgrimage into the past: [ATA delegates at Frederiksborg 
Castle. 
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helicopters placed in service. As the industry 
re-equipped with jets (it would have about 600 by 
the end of 1962), there would be a surplus of 
between 1,200 and 1,800 piston-engine aircraft 
by the end of 1961. Although some could be 
put into cargo or charter operation services, the 
disposal of the fleet remained a serious problem 
for the airlines. 


The jet aircraft, on the other hand, had come 
through their early ordeals with flying colours 
and had, in the words of Sir William Hildred, 
proved themselves “magnificent instruments for 
the mass production of air transport.”’ According 
to IATA statistics, the average daily utilization 
of jets was already 7 hours, and in some cases 
as much as 8 or 10 hours, this despite certain 
initial difficulties. 

Sir William urged the airlines to intensify their 
advertising campaigns for air freight, as the 
freight capacity offered is still considerably in 
excess of demand. By mid-1961 at least 60 pure 
freight aircraft should be in operation, and by the 
end of that year the freight capacity offered by 
the IATA members alone will have doubled. 
What is more, although about 18 percent of the 
scheduled tonne-kilometres performed through- 
out the world fall to the credit of air freight, the 
earnings which it has brought in amount to only 
10 percent of total earnings. Only the scheduled 
transport at greatly reduced rates of bulk loads 
weighing at least 50 tonnes will inject life into 
the freight business. 

The introduction of jet airliners on the most im- 
portant air routes also occupied the IATA 
Technical Committee, whose annual report com- 
ments as follows: 

On most air routes safety of operation has been 
adequate, but much remains to be done to im- 
prove the reliability and economy of high-speed, 
high-altitude flying. Of particular urgency are the 
extension of telecommunications facilities and 
their technical improvement in certain regions of 
the globe, and the improvement of maintenance 
and ground handling. The Committee made a 
systematic investigation of doppler radar navi- 
gation systems at present on the market, proposed 
modifications to the ATC regulations for jet air- 
liners, and discussed all-weather landing sys- 
tems. The Production Planning and Control 
Group has issued the first instalment of a Hand- 
book on Production Planning and Control, which 
deals with all aspects of planning, equipment 
procurement and production performance ana- 
lysis. 

In spring, 1961, the Technical Committee will 
hold an international seminar, to which airlines, 
manufacturers, research institutes and authori- 
ties will be invited. Here the views of individual 
airlines on basic requirements for supersonic air- 
liners (range, speed, size of aircraft) should 
crystallize in such a way as to form a basis for 
the 1961 Technical Conference. The conference, 

which opens in Montreal on April 17th, 1961, will 
be devoted primarily to supersonic transport. 
This, said Sir William Hildred laconically, was 
“a prospect we must face within the next decade 
... whether we like it or not.’’ At present, IATA 
would endeavour to warn all companies of the 


dangers of over-hasty decisions to place super- 
sonic aircraft in service. In this connection Sir 
William said: “‘I can imagine no unhappier issue 
than the production of a supersonic aircraft which 
the. airlines cannot operate with any hope of 
economic success and which will therefore be a 
disaster for the manufacturers ... I hope ... 
that no one will be panicked into producing or 
accepting a supersonic aircraft before we have 
had a chance to digest the jets and equir ourselves 
for the even more demanding transition ahead.” 


In passing, mention should be made of a prob- 
lem which is becoming ever more pressing. Almost 
unnoticed by the general public, the Association 
urged its members to energetically oppose increases 
in dues for the use of airports and air traffic con- 
trol facilities. The President of the IATA Financial 
Committee, Harald Bernstrém, recommended 
that carriers should settle such questions direct with 
the governments of the countries concerned, as 
collective negotiation at IATA level was impos- 
sible. 

With the approval of the 1961 budget and the 
establishment of membership dues, the 16th 
Annual General Meeting closed in the same sober 
spirit in which it had been conducted for the 
preceding four days. The budget provides for 
revenue of $1,262,500 and expenditure of 
$1,583,300, anticipating an appropriation from 
surplus of $320,800. Dues for associate members 
are fixed at $500 per annum. The assessment for 
active members comprises a fixed minimum levy 
of $1,000 and a variable levy based on the revenue 
tonne-kilometres performed during the period 
January Ist to December 31st, 1959 ($0.737 per 
1,000 on the first 5 million, $0.641 per 1,000 on 
the next 15 million, and $0.296 per 1,000 over 
25 million). 

Sir Matthew Slattery, present Chairman of 
BOAC, was elected to the Executive Committee 
to replace Sir Gerard d’Erlanger, who has resigned 
from the company, and KLM President I. A. Aler 
was replaced by KLM Deputy President E. H. van 
der Beugel. 

SAS President Ake Rusck presided at this 
smoothly organized 16th Annual General Meet- 
ing with unobtrusive efficiency, and modestly 
took leave of his international guests to take over 
the presidency of IATA for the coming year in 
addition to his many responsibilities as head of 
Scandinavian air transport. He will be succeeded 
as IATA President in 1961/62 by Sir Hudson 
Fysh, Chairman of the Board of Qantas Empire 
Airways, who has invited members to the 17th 
Annual General Meeting in Sydney on October 
23rd, 1961. The 18th Annual General Meeting 
will open in Dublin on October 10th, 1962, with 
Aer Lingus as host; the IATA President for 
1962/63 will be J. F. Dempsey. In 1963 the Annual 
General Meeting will go to Vienna and in 1964 
to Istanbul. 

The path taken by the world’s airlines in the 
coming years will be decisive for the future of air 
transport. A prologue by the Danish poet Piet 
Hein, composed specially for the IATA Annual 
General Meeting, gives a new twist to Hamlet’s 
old saying with the warning: ‘‘Co-existence or 
no existence.” ~~ 
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MILITARY AFFAIRS 


France and her NATO partners reached agreement at 
the end of September on the long-discussed question 
of a unified air defence system for Western Europe. 
The agreement covers the following main points: 

1. Complete unification of French and Allied early 
warning radar systems (this applies only to the French 
early warning stations along the north-east frontier). 

2. Unification of the French and Allied air forces in 
the forward area, comprising the German Federal 
Republic and the territory along the Franco-German 
frontier. All air forces stationed in this area will be 
placed under NATO command, although in the event 
of war the French units can be employed only on 
orders from the French command. French air forces 
stationed outside the forward area remain under 
national command, though joint exercises will be 
carried out with other NATO units. 


The United Kingdom and the United States have drawn 
up a technical agreement on cooperative development 
of the Sky Bolt ALBM. The terms cover such matters 
as the participation of British technicians in the pro- 
gramme in the United States. Meanwhile, Douglas 
Aircraft spokesmen have stated that the Sky Bolt is 
scheduled to become operational and capable of quan- 
tity production for USAF B-52 and RAF Vulcan 
requirements by 1964. System configuration, missile 
mockups, aircraft and missile mockups and engine 
tests have already been completed. 


The U.S. Air Force is expected to select a contractor 
in the near future to develop a new short take-off and 
landing fighter for Tactical Air Command. Eight 
companies (Boeing, Convair, Douglas, Lockheed, 
North American, Northrop, McDonnell and Republic) 
are believed to have submitted proposals to the Air 
Force against Specific Operational Requirement 183. 
It should be noted, however, that by “STOL” the Air 
Force means the ability to operate from 5,000 to 
6,000-ft runways (about half the length of today’s jet 
runways). Principal requirements are a top speed of 
Mach 2.3, a low-level speed of Mach 1.2, a combat 
cruise range of 1,500 miles and an unrefuelled ferry 
range sufficient to fly the longest island-to-island 
routes across the Pacific. 

In two recent sessions, Congress voted the Air 
Force a total of $36 million to begin development of 
an advanced tactical fighter, and presumably this fund 
will be used to get the STOL programme going. 


Plans for the modernization of MATS are now well 
advanced. Air Materiel Command is expected to place 
a first order for 16 Lockheed C-130Es in the very near 
future, a number which is to be increased to 50 over 
the next two years. This, however, represents merely 
an interim solution to the problem of providing MATS 
with strategic airlift capability, pending the availability 
of the turbofan transport to be developed especially 
for MATS under Specific Operational Requirement 
182. A special board will meet towards the end of 
November to select the contractor to develop this air- 
craft. Requirements are 4,000 miles range, 25-ton 
cargo capacity, air-drop capability and a cargo deck 
of truckbed height for rapid loading. 


AIR TRANSPORTATION 


The International Civil Aviation Organization has 
assigned a team of experts in aeronautical communi- 
cations, air traffic services and aeronautical meteor- 
ology to the Southeast Asia Region to provide on-the- 
spot help and advice to states in the area and to report 
on measures required to produce long-term improve- 
ments in existing facilities. The team will visit key 


What's in the Air ? 





Henrich Focke (left), a pioneer German aircraft builder 
and founder of Focke-Wulf Flugzeugbau AG, celebrated his 
70th birthday on October 8th. Focke is at present engaged 
in building the three-seat Kolibri for Carl F.W. Borgward 
GmbH. Dr. Ing. Hans Heyne (right), Chairman of the 
Board of Telefunken GmbH, was 60 years old on October 
4th. Employed with Telefunken since 1950, he played an 
important part in the expansion of the firm during the post- 
war period. 


points along the air routes to observe the layout and 
use of equipment, the day-by-day working methods 
and the difficulties being encountered. 


The scheduled air carriers of ICAO member States 
recorded 28 fatal accidents in 1959 (against 30 in 1958), 
in which 625 passengers (629) were killed; fatal acci- 
dent rate per 100 million passenger-km was 0.66 (0.74). 


IATA and the Transatlantic Passenger Steamship Con- 
ference have concluded an agreement under which 
Atlantic passengers can travel one way by air and the 
other by sea at a reduction of 10 percent of the round- 
trip fare, provided they travel during the slack period 
of sea transport. Baggage and cars are also eligible for 
the 10 percent reduction. 


The International Transport Institute formed in New 
York at the end of August 1960 to engage in research 
and study of all forms of transportation, with parti- 
cular reference to the requirements of under-developed 
countries, is headed by Herbert B. Dorau, of New 
York University, as Director, and Dr. Jacob Schenk- 






René Bigand, Chief Test Pilot to Générale Aéronautique 
Marcel Dassault, climbing out of the Mirage IV 01 in 
which he broke the world speed record for a 1,000 km 
closed circuit, flying at an average speed of 1,820 km{[h. 


man, an international transportation consultant, as 
Director of Research. 


The U.S. Federal Aviation Agency has adopted the 
Royal Aircraft Establishment’s visual glide path in- 
dicator as national standard for use at U.S. civil air- 
ports. The RAE system consists of two sets of lights 
mounted at either side of the runway, the first set 
installed 1,250 ft and the second 750 ft from the thresh- 
old. Red filters change the appearance of the lights 
depending upon the approach angle. When on the 
correct glide slope the pilot sees the near bars of light 
as white and the far bars as red; if he is too low all 
lights appear red, if too high as white. 


INDUSTRY 


Export orders for the French aviation industry during 
the first half of 1960 totalled 808,793,373 new francs 
($161.8 million), compared with 45,000 million old 
francs ($90 million) for 1959, Orders for complete 
aircraft, helicopters and spares increased by 310 per- 
cent over the corresponding period in 1959, for engines 
and spares by 55 percent, for missiles by 100 percent, 
and for equipment by 80 percent. Contracts booked by 
Sud-Aviation for the Caravelle during the six-month 
period accounted for almost 45 percent of total export 
orders. 


Eight leading U.S. airframe manufacturers have 
attended a technical briefing at the Air Force’s Wright 
Air Development Center on a new Air Force pro- 
gramme which could lead to the development of a 
supersonic transport aircraft for both military and 
commercial use. The eight companies (Boeing, Con- 
vair, Douglas, Lockheed, McDonnell, North Ameri- 
can, Northrop and Republic) were asked to submit 
preliminary ideas in a brief report, after which the Air 
Force would select four contractors to engage in a 
six-month study, possibly in conjunction with engine 
manufacturers. Based on the results, the Air Force 


A version of the four-engine turboprop Antonov An-10 with modified fuselage rear is in operation with the Soviet Air Force— 
apparently in large numbers. The main difference between this and the passenger version is in the upswept fuselage rear 
(presumably with loading hatch and ramp); there is also a rear gunner’s position, and the aircraft has a long fin running 


Srom the rudder along the top of the fuselage. 
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Launching of a Martin Pershing. This two-stage solid-propel- 
lant rocket with a range of about 500 miles is to replace the 
Redstone surface-to-surface guided missile at the end of 
1962. Thiokol supplies the powerplant, Bendix the guidance 
system. 


will then decide whether to order a full-scale design 
competition. 


The Pentagon and NASA have established a joint 
Aeronautics and Astronautics Coordinating Board to 
continue the functions of the National Aeronautics 
and Space Council and the Civilian-Military Liaison 
Committee, which were abandoned earlier this year. 
The new Board, which has been meeting informally 
since July, will have NASA Deputy Administrator 
Hugh Dryden and Defense Research Director Herbert 
York as co-Chairmen. It will review planning by the 
Pentagon and NASA, coordinate activities of common 
interest, identify mutual problems and secure a steady 
exchange of information. 


General Electric Company has received a $32.2 million 
USAF production contract for the J85-5 afterburner 
jet engine, with delivery scheduled for late 1961 and 
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early 1962. Hitherto General Electric’s Small Aircraft 
Engine Department has been manufacturing this 
engine only for the prototype T38, N-156F and Q-4B. 
The new contract is the largest ever received by the 
Department. 


Chance Vought 
a U.S. Navy contract valued at $68 million for fiscal 
1961 procurement of the F8U-2N all-weather inter- 
ceptor. This brings total orders for the aircraft up to 
$162.6 million and provides for continued production 
up to December 1962. 


Lockheed Aircraft A.G. is a new company registered 
in Geneva, with a capital of 250,000 Swiss francs 
($58,000). Aims of the company are listed as sales, 
distribution, assembly and manufacture of aircraft 
and electronics systems, together with maintenance 
and repair. This is a Lockheed Aircraft International 
subsidiary, set up primarily to facilitate the exchange 
of technological information with West European 


companies. 


AIRCRAFT, MISSILES AND POWERPLANTS 


The new Rolls-Royce RB-168 military turbojet bears 
a Close resemblance to the civil RB.163 and is presum- 
ably the unit proposed by Rolls-Royce for the Black- 
burn NA.39 strike aircraft. If approval for the use of 
the RB.168 in later NA.39s is given, it would have the 
dual effect of extending the NA.39’s range by virtue 
of lower fuel consumption and also provide Rolls- 
Royce with valuable flight time running to back up 
the RB,.163 programme for the DH.i21. 


The Breguet 940 experimental STOL aircraft was again 
turned over to crews of the Brétigny Flight Test Centre 
(CEV) on September 26th. On September 23rd the air- 
craft made a further series of demonstration flights at 
Villacoublay before representatives of the armed for- 
ces, civil aviation and Air France’s postal service. At 
these demonstrations, the 940’s landing roll was about 
160 ft; it also showed its good handling qualities by 
making low-speed turns with a radius of less than 
230 ft. The Breguet 940 has so far logged over 200 
flight hours and made more than 650 take-offs and 
landings. 


USAF Major Walter Hodg- 
son (left) and Leonard 
LaVassar, Vertol Chief 
Test Pilot, standing before 
the Vertol 76 tilt-wing 
VTOL experimental air- 
craft. NASA is evaluating 
the aircraft for the U.S. 
Army at Langley Field. 


Drawing of the Mauler 
anti-aircraft missile system 
under development at Con- 
vair. Designed for use 
against enemy short-range 
guided missiles and strike 
aircraft, the system can be 
mounted on light to me- 
dium-weight mobile laun- 
chers. The target acquisi- 
tion radar, fire control sys- 
tem and launching mech- 
anism can be operated by 
one man, even while the 
launcher is in motion. 


Sectioned model of the 
Canadian Pratt & Whitney 
Aircraft PT-6 (U.S. mili- 
tary designation T74) shaft 
or propeller turbine. The 
PT-6 is rated at 500 s.h.p. 
and weighs 250 Ib, 


Aircraft Company has been awarded 


The first prototype Potez 840, powered by four Turbo- 
méca Astazou propeller turbines, will in a few weeks’ 
time be assembled at Toulouse, where it will undergo 
static tests. The first flight is scheduled for the begin- 
ning of 1961. A second prototype is under construction 
at Argenteuil. 


Nihon Airplane Manufacturing Co. (NAMCO) will 
begin production of 150 turboprop YS-11 transports 
under Japanese Government subsidy, beginning in 
fiscal 1963. The first prototype will be completed at 
the end of 1961, the second early in 1962, and the two 
aircraft will make test flights throughout 1963. Two 
further airframes will also be built for use in static 
tests. The first of the YS-11 transports is scheduled to 
go into operation on Japanese domestic routes in the 
second half of 1963. 


Scheibe Flugzeugbau GmbH, of Dachau, near Munich, 
has been making a series of modifications to its two- 
seat SF 23 Sperling with a view to improving perfor- 
mance and flight qualities. All versions of the SF 23 
now have split flaps. Further improvements are in the 
exhaust, the undercarriage (which now has 6.00-6 
wheels and, if required, shock absorbers), and the tail 
skid, which is designed for minimum maintenance. 
The engines of the three versions are as follows: 95h.p. 
Continental C90 in the SF 23A/K1; 100 h.p. Con- 
tinental 0-200 in the SF 23B; 115 h.p. Lycoming 
0-235-Cl in the SF 23C. 

All three versions meet the American airworthiness 
specifications (CAR Utility Class). The weight equip- 
ped is between 1,010 and 1,060 Ib, depending on 
engine type; the maximum all-up weight is 1,606 Ib. 
The main data for the SF 23C are as follows: span 
32.6 ft; length 20.4 ft; wing area 131.3 sq.ft.; weight 
equipped 1,060 lb; maximum useful load 550 Ib; 
gross weight 1,606 Ib; maximum speed 130 m.p.h.; 
cruising speed at 60 percent engine power 105 m.p.h.; 
stalling speed, flaps down, 43 m.p.h.; endurance 314 
hours; range 372 miles; take-off roll 560 ft; take-off 
distance over 50 ft screen 1,385 ft; landing roll 395 ft; 
initial rate of climb 770 ft/min; when the aircraft is 
used for towing sailplanes, the time to climb to 1,650ft 
with a 900 Ib sailplane is about 4 minutes; maximum 
weight for aerobatics 1,495 Ib. + 


































































































































































































i. 
. 
ra 
i. 
i 
y= 
Zé. 
A 
r a 
Tad 
a. 
er it 
— A 
— eer me 
———— ee a 
i ocuteietetenndatl 
———— 































































































































































































































































































LSS Qiccckieia STRIKE RECONNAISSANCE 
Range characteristics to suit 
m provjaing 


No Nr talet=xe mm 9)ae) cole ies) lal vom. lalem-1i21en dae) allem a-verelalar-li-t-t-laler=) system + Ability to carry and deliver a wide variety 
vance * Fully flexible flight e: Qpe + 

and maintenance « »« This adds up toa systen 
, Pca INFORM. rede! ROY 


of weapons * Exceptional airfield perfo 


world-wide operation « Economy of operatio 
nerability, maximum effectivene 
British Aircraft Corporation 


sAeT 


economy of force, minimum vul 





TRANSISTORIZED 


SEARCH AND RESCUE BEACON 


Weighing only 1 Ib, the TH.C.986 automatic sub-miniature transmitter-receiver is simple and 
reliable in operation; it enables a survivor to signal his position to any aircraft with a homing 
device or a UHF receiver tuned to the distress frequency. Its R/T operation also enables 
survivors to communicate with aircraft. 


Ranges: 30 miles (R/T), 60 to 75 miles (W/T) 


The distress signal is automatically transmitted by pulling a ring, and speech communications 
are made by a unit consisting of microphone and headpiece. The equipment is completely 
waterproof in up to 13 feet of water. It can be supplied either from a dry battery or from a 
battery actuated by contact with sea water. TH.C.986 sets are normally preset in the 238-248 
Mc/s band and are tuned to the UHF aeronautical distress frequency (243 Mc/s) ; if required, 
they can be set to the VHF aeronautical distress frequency (121.5 Mc/s). 


Low consumption gives high endurance: 15 to 30 hours according 
to battery used 


THOMSON 








GROUND /AIR U.H. F. 
EQUIPMENT .TH.C. 9600 


3500 CHANNELS 


Simple and robust, the TH.C. 9600 equipment is designed for communications between 
air squadrons and ground bases, control towers or radar operations rooms. It is housed 
in standard cabinets, thus enabling it to be adapted to many roles simply by adding 
sections. This design, coupled with its technical excellence, has led to its adoption 
by the Air Ministry to equip French air bases, and quantity production for the French 
Army is under way. 

The equipment works in the 225-399.9 Mc/s frequency range on 3,500 channels spaced 
at intervals of 50 kc/s. Any one of these frequencies can be selected without difficulty. 
COMPAGNIE FRANCAISE THOMSON-HOUSTON manufactures a similar 1,750- 
channel equipment operating in the same range. 
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COMPAGNIE FRANCAISE THOMSON-HOUSTON — GROUPE ELECTRONIQUE 173, BD. HAUSSMANN, PARIS 8¢ 
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IN AERONAUTICAL NAVIGATION SYSTEMS 













S.T.C. are in a unique position to supply and install 
complete and integrated radio-navigation and communication 
systems, as evidenced by the diversity of equipment 
available and its world-wide acceptance for 
civil and military aircraft and airfield installation. 


S.T.C. Navigation Systems and Equipment include :— 


GROUND AIRBORNE 
Precision Approach Radar SLA3 Instrument Landing System Receivers 
Instrument Landing Systems STAN 7-8-9 VOR 


Direction Finders CADF and PVID 


Automatic Triangulation Systems Radio Altimeters 


TACAN Teleprinter Receivers 
=a )Standard Telephones and Cables Limited 
i SYSTEMS Registered Office : Connaught House, 63 Aldwych, London, W.C.2. 
mains RADIO SYSTEMS DIVISION + OAKLEIGH ROAD - NEW SOUTHGATE ~- LONDON, N.I! 
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By our standards, 
a thousandth of an inch 
is an agricultural idea 
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You know about the man who was asked how big a ‘thou’ was ? ‘Very, very small’ he said. He was asked how many there were 
in an inch. ‘Millions of them’ he said. In this unusual factory of ours—unique in Europe, we suppose— 

we don’t think of a ‘thou’ as at all small. We have had to train ourselves to take a tolerance of half a tenth 

in our stride, and to use on our production inspection-line a machine that will measure out-of-roundness 

of the order of one millionth of an inch. 

But then we are in production with instruments the like of which the world has never seen before. We produce (in partnership 
with Minneapolis Honeywell) Inertial Quality Gyroscopes so accurate that they precess less than half a degree per day, 

so sensitive that you can use them for finding true North to within a few minutes of arc. 


Small wonder that we do ‘sand’-blasting with bicarbonate of soda, and that a speck of dust is a calamity. 


"ENGLISH ELECTRIC 


INERTIAL GUIDANCE 


INSTRUMENT WING e¢ GU/DED WEAPONS DIVISION - ENGLISH ELECTRIC AVIATION LIMITED - STEVENAGE 
Member Company of British Aircraft Corporation 


is experienced 
.--in Radar 
Surveillance Systems 


The eye was man’s first instrument of 
surveillance. Its most unique character- 
istic is the ability to distinguish mov- 
ing objects. 


LFE, a pioneer in motion detection by 
radar means, is prime contractor for a 
new Ground Control Approach System 
for tactical air traffic control. Now in 
production, it exemplifies the latest in 
lightweight, portable GCA equipment. 


This is an illustration of LFE’s interest 
in radar techniques with continued 
emphasis on motion detection. Such 
techniques are having an evolutionary 
influence on military and industrial 
systems. 


Further details about LFE. Radar 
Surveillance Systems may be had by 
writing the International Division. Ask 
for Technical Data Digest No. 6020. 








CANNON PLUGS 
FOR ANY APPLICATION 


OR ENVIRONMENT 


= Shock @ Vibration @ Acceleration &@ Temperature & Altitude @ Moisture & Miniaturization 
For additional information on any Cannon product, write your nearest Cannon factory or representative. 


international Representatives 
COPENHAGEN /Tage-Schouboe 


ZURICH /Jacques Baerlocher Corp. 


DUSSELDORF /Deutsche Souriau Electric 


THE HAGUE /Avio-Diepen Trading Co. 
MILANO /Silverstar, Ltd. 
STOCKHOLM /AB Gosta Backstrom 


BRUSSELS /Inelco S.A. 


Plants 


CANADA 

Cannon Electric Canada Limited 
160 Bartley Drive 

Toronto 16, Ontario, Canada 


ENGLAND 

Cannon Electric (Great Britain) Ltd. 
138 Wardour Street 

London W1, England 


FRANCE 

Souriau et Cie 

9 a13 rue du General Gallieni 
Billancourt (Seine) 

Paris, France 


AUSTRALIA 

Cannon Plugs (Australia) Pty., Ltd. 
Airport West W6 

Melbourne, Australia 


JAPAN 

Japan Aviation Electronics Industry, Ltd. 
Nanpeidai Tokyu Building 

32 Nanpeidai, Shibuya-ku, Tokyo, Japan 


Representatives also 
located in 

Latin America and 
the Far East 


CANNON ELECTRIC COMPANY 3208 Humboldt Street, Los Angeles 31, California, U.S.A. 











Space probe reaches 


heights of over 500 miles— 


speeds of over Mach 10— 
with unprecedented reliability... 





... AND BRISTOL SIDDELEY 
SUPPLY THE POWER 


One of the largest manufacturers of motive power units in the 
world, Bristol Siddeley Engines Limited produce the Gamma. 
A liquid propellent rocket engine, the Gamma powers the 
Saunders-Roe Black Knight, Britain’s highly successful space 
research vehicle. An extremely reliable powerplant, the 
Gamma produces a total sea-level thrust of 16,400 Ib 
(7,438 kg) and nearly 19,000 lb (8,618 kg) outside the earth’s 
atmosphere, for a total powerplant weight of under 700 Ib. 

At the Woomera rocket range in Australia, the Gamma 


has sent Black Knight over 500 miles into space at speeds in 
excess of Mach 10 with unprecedented reliability. For, to 
date, every Black Knight vehicle has been launched suc- 
sessfully. 


Since Bristol Siddeley’s rocket division began work in 1946, 
it has developed a wide range of components. By combining 
these components in single or multi-chamber layouts, thrust 
requirements from 500 lb up to 100,000 lb can be met. 


BRISTOL SIDDELEY ENGINES LIMITED 


Bristol Siddeley Maybach diesel engines 
power Britain’s fastest express train. 


The Brisfo! Siddeley Orpheus powers the 
Fiat G 91 standard lightweight strike fighter. 


The Bristol Siddeley Proteus powers the 
Britannia airliner. 






























@ Elliott Brothers (London) Ltd., a member of the Elliott-Automation Group, 
announced the production of a new multi-channel tape recorder. The equip- 
ment is designed primarily for instrumentation work, particularly in aircraft 
flight-testing and in missile telemetry applications. At the same time it also has 
excellent voice reproduction characteristics for studio use. The tape transport 
system employs dual capstans and take-up assemblies and the use of the dual 
capstan drive reduces disturbance of the tape in contact with the heads as it 
is wound onto and off the reels. The recording and play-back heads are dupli- 
cated, which makes it possible to reverse the tape direction. Five head stacks are 
fitted including the erase head. The tape speed is selected by means of a push- 
button control, and five settings from 1’/s inches per second to 30 inches per 
second are provided. It is possible to handle signals up to 70 Kc/s frequency 
at 30 I.p.s. At 1’/s i.p.s., the lowest speed for the standard version, the single 
track duration with 2,400 feet of thin-base tape is 256 minutes. The maximum 
number of tracks on one-inch tape is sixteen and as the instrument has both 
direct recording and f.m. facilities it can handle a great variety of different in- 
puts. In the illustration the recorder is shown on the left, with the record and 
play-back amplifier next to it. 








@ Marconi's Wireless Telegraph Co.Ltd., Chelmsford, Essex, announced 
two developments in the field of electronic engineering. The first is a new range 
of airborne radio equipment and navigation aids, described by the manufacturer 
as the “Sixty” series. These are fully transistorized with the exception of the 
VHF transmitter output stage, and some employ a sealed module construction 
technique. During the design stages of this equipment, a special study was 
carried out to determine causes of component failure so as to ensure the max- 
imum operational reliability. The use of transistor circuitry has obviated the 
problem of heat dissipation and in consequence it has been possible to design 
sealed modules which enable the components to operate in conditions which 
approach the ideal. In the Navigation unit 6402, the Marker receiver 6403, and 
the Glide Slope receiver 6404, this has been done by dividing the equipment 
into sealed modules filled with dry, inert gas. Should a fault appear in a unit, 
the modules can be tested without being unsealed. The new circuitry design 
has also resulted in smaller and lighter equipment without the necessity for 
extremes of component miniaturization. The illustration shows the various 
units of the “Sixty” series. From left to right these are: the AD 360 automatic 
direction finder which provides a continuous crystal controlled tuning from 
100 Kc/s to 1799.5 Kc/s in 0.5 Kc/s steps and weighs 18'/: pounds; the AD 160 
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VHF transmitter giving 360 crystal controlled channels between 118 Mc/s and 
135.95 Mc/s, and weighing 14 pounds; the AD 160 receiver which covers 108 
to 135.95 Mc/s and weighs 9 pounds; the AD 260 navigation unit; the AD 260 
glide slope receiver and the AD 260 marker receiver. The weight of the complete 
installation is 59'/2 pounds. 

It has been announced that the BOAC fleet of 35 Vickers VC.10 aircraft are 
to be equipped with the “Sixty” series of communications equipment. Some 
1400 main units will be manufactured to fulfil this order. 

The second new development is in the field of radar and consists of a para- 
metric amplifier which promises to give a considerable improvement in signal/ 
noise ratio. The device is designed for eventual incorporation in new Marconi 
50 cm radar equipment and will probably also be available as a modification kit 
for existing installations. It is anticipated that incorporation of the amplifier in 
a 50 cm radar will increase the range by 25 percent—equivalent to more than 
wr the power. The picture shows a development model of the frequency 
amplifier. 























@ Standard Telephones and Cables Ltd., London, displayed the new auto- 
matic direction finding triangulation equipment, type PVT.2, which employs 
closed-circuit television techniques to distribute the information throughout 
the air traffic control centre. The equipment receives directional information 
over telephone lines from a network of widely-spaced receiving stations and 
converts it into a triangular display of aircraft position. In the picture synthesizer 
(centre of picture) the bearing displays are combined optically with an illumin- 
ated map and scanned by a television camera. The picture is then transmitted 
over a closed circuit to various positions in the air traffic control centre to 
provide a continuous source of information to the control personnel. 
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Other exhibits on the company's stand included a localizer transmitter and 
remote control unit for the STAN 7/8/9 Instrument Landing System. This 
equipment has been adopted by the Ministry of Aviation for installation at 
London Airport, Prestwick, Ringway, Gatwick and Renfrew. The transmitter 
arrays for the glide path and localizer beams are illustrated here. The localizer 
installation consists of two aerial arrays with the transmitter housed in the sunken 
building between them. In the foreground is the “course” aerial array (85 feet 
wide by 12 feet “ and in the background is the “clearance” array (9 feet wide 
by 13 feet high). The clearance pattern is an indication to the pilot as to which 
side of the approach runway he is flying, upon reaching the narrow course radia- 
tion pattern his receiver indicates the information from this! narrower and 
stronger beam. This dual transmission system gives greater freedom from 
course bends resulting from site imperfections and from dangers of radiating 
false course information. This is achieved by the use of an extremely narrow 
beam for course guidance and the clearance radiation pattern which effectively 
masks any reflections which may arise from secondary lobes. 

Also on display were three radio altimeters which have been designed for 
automatic landing applications. The STR 30 B1 has been used in the Ministry 
of Aviation's Autoland system for over 4,000 landings. The STR 40 is a new 
single range instrument giving height indications from 0—500 feet which has 
been designed for use with an automatic landing system, while the STR 41 
is a two range instrument giving indications from 0—500 feet and 0—5,000 feet. 
This is a general purpose instrument suitable for both military and civil use and 
is in quantity production for the Royal Air Force. 


STR. 41 
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@ Ferranti Ltd., Manchester, displayed examples of airborne radar and fire 
control equipment including the AIRPASS | (Airborne Interception Radar and 
Pilot's Attack Sight). The company is also engaged in the development of 
a Mark Il version of this system as a private venture and this has been specified 
for the export versions of the Lightning, SAAB Draken and Dassault Mirage ///. 
The units of the Airpass // system are illustrated. From left to right these are 
the attack sight, the search display, hand control, two auxiliary circuit units and 
the radar unit with nose radome. 

In comparison to Airpass / which is purely an interception system designed 
for the Lightning, the developed model provides weapon aiming both by day 
and night together with automatic navigation facilities. The radar can be used 
for search and tracking of air targets and also for terrain mapping and target 
ranging of ground targets. For operations requiring low altitude penetration 
to obtain protection from enemy defences, it can also be used in a profile flying 
mode. Steering signals are presented on the sighting display which enable the 
pilot to follow a selected course at low altitude and to clear any hills or ground 
obstacles in safety. 





In the field of civil aviation, Ferranti Ltd. is at present engaged in installing 
an Apollo computer at the Scottish Air Traffic Control Centre, Prestwick. This 
machine is the first of its type to be used for air traffic control experiments in 
Great Britain and its installation points to the coming era of automation in this 
sphere. It will go into operation in early 1961 and will be employed in the control 
of the North Atlantic oceanic routes. 








@ Ultra Electronics Ltd., London, demonstrated the UA 60 Communication 
Control system. The basic station box incorporates fifteen push buttons for 
the selection of transmitters, receivers, inter-communication and cabin address 
facilities. The push buttons are divided into two groups by a double white line 
and the five buttons to the left of this line control the transmitters. Selection 
of any transmitter automatically selects the associated receiver, but the receiver 
alone can be selected if required, by a push button in a corresponding position 
to the right of the double white line. A total of up to nine receivers can be 
operated simultaneously, each receiver push button incorporating an integral 
volume control. A separate button controls inter-communication facilities and 
there is an over-ride circuit which ensures that all crew members receive priority 
intercom messages irrespective of whether or not they have selected the inter- 
com service. Arrangement of the push buttons will vary from installation to 
installation, but a typical system might control two VHF transmitter-receivers, 
two HF transmitter-receivers, ADF, ILS, and VOR receivers, and cabin address 
and intercom. 
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@ De Havilland Propellers Ltd., Hatfield, announced two new developments 
in the electronics field. The first, designated ACORN, for Automatic Checkout 
and Recording equipment, is intended for the comprehensive testing of complex 
systems in aircraft, missiles and ground equipment. Each data channel is 
scanned and checked at a rate of one per second and the results are perma- 
nently recorded by an electric typewriter. The second new development is a 
fully automatic electronic fuel control unit for use in helicopters. Using this 
equipment, the pilot selects the desired rotor speed and the computer auto- 
matically maintains this speed throughout the flight. The illustration shows 
the computer together with the mechanical throttle linkage. 








@ Cossor Radar & Electronics Ltd., Harlow, provided a working display of 
a secondary surveillance radar system. The ground element of the system is 
the Cossor SSR4G interrogator responsor and the combined interrogation and 
control aerial. The airborne installation illustrated here consists of the SSR1251 
transponder, a control unit and a fin type omnidirectional aerial. An important 
feature of this equipment is the sidelobe suppression system employed to 
give accuracy of interrogation and response. Sidelobe suppression has been 
recommended by ICAO and has been stated as a requirement by both the 
Federal Aviation Agency and the British Ministry of Aviation. The current 
ICAO specification is for a ‘2-pulse”’ system but an alternative “3-pulse” 
system has been the subject of recent discussion and may also receive inter- 
national approval. The Cossor ground equipment can be supplied to work with 
either system, and the airborne equipment, which is currently supplied to ope- 
rate in the “2-pulse” mode, can be modified for use also with the “3-pulse” 
mode. The transponder has recently been adopted by BOAC for installation 
in their fleet of Boeing 707 aircraft. 














@ Decca Radar Ltd., London, displayed the DASR-1 air surveillance radar 
and aerial installation. This is a 10-cm, double,beam radar with two 800 kW 
transmitters feeding an aerial system consisting of separate high and low cover 
aerials mounted back-to-back. A separate receiver channel is associated with 
each aerial and the received signals are displayed on traces spaced 180 degrees 
apart on the PPI displays. This provides a continuous and simultaneous 
presentation of echoes from both beams. Flight trials have shown the radar 
to be capable of tracking an aircraft from the full display range of 120 nautical 
miles at heights in excess of 40,000 feet. Low altitude cover is such that aircraft 
have been tracked to below 500 feet at a range of 18 nautical miles. Working 
in conjunction with Ampex Electronics Ltd., Reading, Decca Ltd. has developed 
a high fidelity radar tape recorder which is intended for civil and military use 
as an aid to training, analysis and research. The equipment is capable of re- 
cording and playing back the data from a single beam surveillance radar; later 
versions will be available for use with multi-beam aerials. The recorder uses two 
inch tape carried in 7,200 feet reels and the tape speed is 15 inches per second. 
Four channels are provided which cover video, speech and aerial bearing in- 
formation while the fourth carries a control signal which ensures alignment 
during playback. The development of effective radar recording techniques 
indicates that there will be a future requirement for the recording of air surveil- 
lance data to aid in the analysis of situations where accidents have occurred. 
As the tape can be erased and reused it would appear that magnetic recording 
offers the cheapest solutian to this requirement. 
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Inertial Navigation Systems* 


by Eduard M. Fischel, Kearfott Division, General Precision Inc., Little Falls, New Jersey 


th problem of inertial guidance has 
occupied forward-looking engineers for some 
40 years, but the first successful inertially 
guided flight took place only nine years ago. 
Development has been long and thorny, and 
even today has not yet reached its final stage, 
in spite of the fact that the principles have 
not greatly changed. In our opinion, no 
radical changes in the basic principles are to 
be expected, though there will be improve- 
ments in components and hence in overall 
system performance. 


I. Inertial navigation systems for 

ships and aircraft 

Inertial navigation and guidance systems 
are based on measuring the acceleration in 
three orthogonal directions, followed by 
single and double integration with reference 
to time. This gives the momentary velocity 
and position of the vehicle in a chosen 
reference system. The reference system is 


* Extracts from a paper read to the 4th European 
Aviation Conference (September 18th to 22nd, 1960) at 
Cologne. The complete text will be published in the 
Wissenschaftliche Gesellschaft fiir Luftfahrt’s 1960 
Yearbook. 
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based on the inertial characteristic of the 
gyroscopes, which tends to maintain them 
in a fixed orientation in inertial space. Its 
accuracy depends primarily on the ability of 
the gyroscopes to maintain this orientation 
despite the disturbing factors which may be 
present. 

The kind of reference system chosen de- 
pends on its application and on the preference 
of the designer. Many different solutions are 
possible, but I shall restrict myself in this 
paper to one application for aircraft and 
ships, and one for rockets. 


The method most frequently used for 
vehicles has the rotating earth as reference; 
the device is always parallel to the earth’s 
surface, and its azimuth points to the North 
Pole. The advantage of this method is that 
the position of the vehicle is determined 
directly in terms of latitude and longitude. 


A simplified diagram of such an arrange- 
ment is reproduced in fig. 7, which shows a 
gimbaled platform equipped with an azimuth 
gyro and one or two vertical gyros. In 
addition, the platform carries three accelero- 
meters which measure the acceleration com- 
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CORRECTIONS FOR GYROS AND ACCELEROMETERS 


ponents dz, dy, and az corresponding to 
latitude, longitude and altitude. Direction x 
is chosen as north-south direction. 

The accelerations thus measured are then 
integrated with respect to time in the associated 
integrators, which yield the velocity compo- 
nents Vz, Vy and Vz in the above-mentioned 
coordinates. These values would be correct 
if they were referred to inertial space. How- 
ever, as they are related to the spinning earth, 
allowance must be made for the Coriolis 
effect by introducing apparent forces into the 
accelerometer, for correction purposes. In 
addition, compensation must be made for 
centrifugal accelerations due to the earth’s 
rotation and the vehicle’s motion. 

Furthermore, steps must be taken to keep 
the gyro platform tangent to the earth’s sur- 
face. Even when the vehicle is stationary, the 
gyro platform must follow exactly the earth’s 
rotation; this is achieved by precessing the 
gyro about two or three gimbal axes (com- 
pensation for earth’s true rotation). With the 
vehicle in motion, its angular velocity must 
also be considered; this is done by dividing 
the computed velocities Vz and Vy, by the 
earth’s radius (compensation for earth’s 
“‘apparent”’ rotation). 

In this way, two oscillatory loops are 
created in the navigational system, comprising 
the accelerometers, the first integrator stages, 
the computers which carry out the division 
by the earth’s radius and the corresponding 
gyros. They are shown in heavy lines in the 
figure. For correct performance, i.e., to 
separate the vehicle’s accelerations from gra- 
vitational accelerations, each loop must be 
tuned to a period of 84 minutes. 


Fig. 1: 

Simplified diagram of an inertial navigation system for air- 
craft and ships: \eft, the servo gimbaled gyro platform 
which supports the azimuth gyro, one or two vertical 
gyros and three accelerometers. The accelerometer out- 
puts are integrated with respect to time, and two of them 
are divided by the earth’s radius (R), giving the angular 
velocity about the earth’s centre. A further integration 
then gives the changes in latitude and longitude and the 
variation in altitude with respect to the starting point; 
this integration can be read in the position indicator. A 
computer (far right) supplies corrections to the gyros and 
accelerometers, such as Coriolis effect; the 84-minu‘e 
loops are shown in heavy lines. 




















By dividing Vz and Vy by R (earth’s 
radius), we obtain the angular velocities wy 
and wz of the vehicle in the north-south and 
east-west directions. A subsequent integration 
yields the geographical latitude a, and longi- 
tude «,, and hence the position of the vehicle. 
For aircraft which change altitude rapidly 
and climb to high altitudes, the vertical 
acceleration must also be measured and 
integrated, to obtain the vertical speed and 
altitude. With increasing altitude, the 84- 
minute tuning period increases automatically. 
Coriolis effect, centrifugal accelerations and 
the components of the earth’s rotation are 
allowed for in a correcting computer, which 
carries the coordinates of the point of depar- 
ture and is continuously fed with the basic 
data for the first and second integrations. 


ok 


The 84-minute loops serve to compensate 
for imperfections in the inertial system 
components. Errors can be introduced, for 
example, if the gyro’s centre of gravity shifts, 
causing drift, the accelerometer is not per- 
fectly balanced or the null has shifted in the 
first integrator. 

The upper four diagrams in fig. 2 show the 
effects of a constant gyro drift in the Schuler 
loop. The acceleration error varies in the 
form of a sine curve, as does also the plat- 
form tilt. The velocity error is a cosine curve. 
The position error increases linearly with 
time, if the sine wave modulation, which 
becomes insignificant after a few oscillations, 
is disregarded. 

In addition to its separation of gravitational 
from vehicle accelerations, the advantage of 
the 84-minute loop lies in the fact that it 
limits acceleration, platform tilt and velocity 
errors resulting from gyro drift, and reduces 
the increase in position error. 

The lower three diagrams in fig. 2 show 
the loop errors due to errors in the accelero- 
meter or in the first integrator. Assuming 
that the acceleration error has a constant 
value, it creates a velocity error in the shape 
of a sine curve, and this error in turn creates 
a position error in the shape of a cosine curve. 
Steady build-up of the position error resulting 
from the above-mentioned sources can be 
prevented by the 84-minute loop. 

If the inertial system is associated with 
additional aids, such as Doppler radar or an 
automatic star tracker, recurring velocity and 
position errors can be eliminated. 


* 


So much for the horizontal attitude of the 
platform. As regards its stabilization in azi- 
muth, it has already been said that the system 
constantly points towards the north. Since 
the azimuth gyro by definition maintains its 
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Fig. 2: 


Errors in 84-minute loops for north-south and east-west 
movement components: the four upper diagrams show the 
effects of gyro drift of 0.01 degrees per hour, in the form 
of errors in acceleration which follow a sine curve, and 
the corresponding integration errors for velocity and 
distance components. Corrections can be made at any 
time by doppler measurement of the velocity component 
and astro position fixing (broken lines). 

The three lower diagrams, on the other hand, show the 
effects of a slight unbalance or bias of an accelerometer 
or bias of the first integrator. These are assumed to be of 
equal magnitude in all three cases, corresponding to an 
error of 0.00039 m/sec?. The maximum position error 
in all three cases is 254 metres, and this is reached after 
42 minutes. 


Fig. 3: 

Errors due to azimuth gyro drift of 0.03 degrees per hour: 
the lateral displacement of the ship or aircraft is 225 
metres after one hour. 


direction in space, it must be made to precess 
in order to keep it pointing north. The amount 
of precession required is determined by the 
computer. 





In evaluating the azimuth error, we assume 
that the gyro drift errors are greater than the 
inaccuracies occurring in the precessing 
operation and so ignore the latter. Fig. 3 
shows how the errors develop with time for 
an aircraft flying in a straight line at a speed 
of 240 m/sec. A gyro drift of 0.03 degrees 
per hour causes an azimuth error of 0.03 
degrees after one hour, and the aircraft has 
developed a lateral velocity of 0.125 m/sec 
which shifts it sideways. The accumulated 
deviation after the first hour is 225 m. This 
in itself would be acceptable, but the error 
increases as the square of time, so that a 
gyro with smaller drift will be essential for 
longer flights. However, here too Doppler 
radar and star tracking provide means of 
making corrections. 


The error curves shown here are based on 
the assumption that the cause of the error 
remains constant, which is seldom the case in 
practice. Gyro drift, for example, is generally 
random, so that the present assessment of 
errors probably leads to somewhat too un- 
favourable values. Only thorough knowledge 
of the gyro’s correlation functions will enable 
us to make a more accurate forecast of its 
probable drift and to undertake programmed 
corrections. 


Finally, it should be added that inertial 
systems for ships work on the same principles 
as those for aircraft, differing from the latter 
in parameters only. An aircraft system must 
above all be light in weight and can accept a 
moderate gyro drift, whereas for ships (sub- 
marines) the prime requirement is minimum 
gyro drift and highest precision, since the 
system is required to operate for much 
longer periods. 
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Principles of inertial rocket guidance: left, the trajectory of a rocket, in which three phases are distinguished : the powered 
phase, the free flight phase and the re-entry phase. The rocket can be guided only during the powered phase. The curves 
to the right show the errors due to gyro drift: the tilt angle of the platform steadily increases, causing the velocity error 
to follow a quadratic parabola, the distance error to follow a cubic parabola. 


ll. Inertial systems for rocket and 
satellite guidance 


Guidance systems for ballistic missiles 
take advantage of the fact that during the 
unpowered phase these bodies follow a 
predictable trajectory determined by the 
conditions at power cut-off and by the 
properties of the earth’s gravitational field. 
The initial conditions for the ballistic 
trajectory are the point of power cut-off 
and the body’s velocity in magnitude and 
direction at that point. The shape of the 


trajectory is a segment of a Kepler ellipse at 
a great height above the earth in very thin 
air. 

Fig. 4 shows an ICBM trajectory, divided 
into three phases. Phase 1 extends from the 
launching point to the power cut-off, phase 2 
covers the ballistic portion (more than 80 
percent of the flight time), and phase 3 the 
re-entry portion. During the latter phase the 
missile begins to slow down owing to the 
increasing air density, and deviations from 
the ballistic trajectory occur, depending on 


Simplified diagram of a rocket inertial guidance system: the platform, which is gyro-stabilized in space, supports three 
accelerometers with orthogonal axes of measurement, one of which is parallel to the climb trajectory. The integrator 
outputs feed a computer, which in turn controls the rocket’s autopilot, ensures that the tilt programme is carried out 


and transmits the cut-off signal. 
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drag and missile weight. To minimize these 
effects, the dense and aerodynamic nose cone 
is often separated from the missile body. 

It is obvious that guidance is restricted to 
the propulsion phase. The inertial guidance 
system determines the position and velocity 
of the missile in magnitude and direction and 
cuts off the power when the computer shows 
the required conditions are met. In this 
application, too, the missile’s velocity and 
position are obtained by single and double 
integration of the accelerations measured 
along the three orthogonal coordinates, while 
the reference system is stabilized by an inertial 
platform. However, the reference system is 
stabilized in space, while the target on the 
spinning earth is computed back into earth 
coordinates. In most cases the gyros are kept 
free from precessional motion and conse- 
quently remain “free in space.’ Because the 
propulsion phase is so short, Schuler tuning 
of the vertical loops would not be helpful, 
but would merely unnecessarily complicate 
the platform system. Admittedly, increasing 
velocity and position errors occur as a result 
of gyro drift, as shown in the curves on the 
right-hand side of fig. 4, but they are numeri- 
cally small and contribute little to the missile’s 
inaccuracy at the target. The total target 
error depends primarily on the accelerometer 
and integrator errors, the drift of the azimuth 
gyro and the accuracy with which the plat- 
form is erected (in azimuth and vertical) 
before launching. 

Even small velocity and azimuth errors 
considerably affect accuracy at the target. An 
ICBM with a range of 8,000 km (5,000 miles) 
has a burnout velocity of 6,000 m/sec, which 
must be accurate to within 14 m/sec if the 
target error is to be restricted to 1 nautical 
mile (1,850 m). This means that the error in 
velocity measurement must be less than one 
part in 20,000. Similarly, an error of 0.01 
degrees in azimuth will also result in an error 
of one nautical mile at the target. 

Fig. 5 is a simplified diagram of a rocket 
guidance system. The readings from the three 
orthonogonally mounted accelerometers are 
fed into the integrators and thence into the 
computer which determines cut-off point and 
necessary corrections. The computer also 
supplies the signals for the missile’s guidance. 
The tilt of the misslie trajectory is also 
programmed during the power phase. The 
accelerometers in the plane of flight are tilted 
backwards by an angle y in order to orientate 
the x-accelerometer in the direction of the 
main acceleration, and the z-accelerometer 
perpendicular to it. In this way the x-unit 
measures essentially the large accelerations 
in the flight direction, and the z-unit the per 
pendicular component which requires a 
smaller range. 
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lll. Main components of navigation 
system 


A. The gyro 


The rate-integrating gyro designed by MIT 
(fig.6) is today considered as the main 
representative of its kind. This is an electrically 
driven gyro carried in a sealed float structure 
supported in a fluid. Low friction bearings 
are mounted on its precession axis. Since the 
fluid supplies a buoyant force approximately 
equal to the weight of the float, the bearing 
load is almost negligible. The fluid film 
between float and housing offers a resistance 
proportional to their relative velocity. An 
electric pick-off senses rotation. The gyro 
responds to rotation about its input axis by 
precessing, and the precessional velocity is 
integrated by the damping action, so that the 
precession angle measures rotation about the 
input axis. 

The servo motor loop of the platform 
supporting the gyro receives a guidance signal 
and forces the platform and the gyro output 
axis to return to their initial positions. The 
gyro is capable of stabilizing only one axis 
in space. In addition to this type, there are 
gyros with two degrees of freedom, which also 
are floated to reduce bearing friction. 

The high degree of precision attained as the 
result of 10 to 15 years of development and 
manufacture is due to a judicious choice of 
materials, the precision of the components, 
clean and careful assembly and accurate 


Fig.8: Final assembly of a gyro... with gloves. 
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Fig. 6: 


Diagram of the MIT-designed rate integrating gyro. 
1 — housing; 2 — flywheel; 3 — input axis; 4 — float; 
5 — jewel bearing; 6 — signal generator; 7 — space 
filled with fluid; 8 — spin axis; 9 — gap between float 
and housing; 10 — torquer; 11 — output axis. — The 
best material for the gyro wheel, which has a diameter 
of only 48 mm and a thickness of 10 mm and rotates at 
ag r.p.m., is steel, while beryllium is preferable for 
the float. 
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balancing of the float. Such gyros are expected 
to drift less than 0.01 degrees per hour. As 
they do not drift consistently in one direction, 
this “‘standard deviation” is considered to be 
an average value over a limited time (several 
hours). As an exercise in arithmetic, it can be 
calculated that a gyro with a drift of 0.01 
degrees per hour would take four years to 
rotate 360 degrees. 

The following are three examples of the 
stringent technical requirements connected 
with the manufacture of a gyro: 
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e A steel rotor having a diameter of 4.8 cm 
and a thickness of 1 cm, weighs 150 grams 
and spins at 24,000 r.p.m. If the rotor’s centre 
of gravity shifts only 3.2 x 10-* mm from 
its exact precession axis, drift will reach a 
value of 0.01 degrees per hour. It must be 
remembered that this shift can take place 
not only in the rotor itself, but also in its 
bearings or in the float housing. 


e A decisive factor is the ratio of the rotor’s 
angular momentum to its weight. Only the 


Fig. 7: 


Gyro housings being evacuated and filled at the Kearfott 
Division of General Precision Incorporated. 


mass of the rotor contributes to this momen- 
tum, while the weight of the float assembly 
must be kept as low as possible. If beryllium 
is used for the float instead of steel, weight 
can be reduced to one sixth without any loss 
of rigidity. However, this material costs more 
and is more difficult to work. 


e Because of the close tolerances in the jewel 
bearings, in the gap between float and housing, 
in the pick-off and torque producers, it is 
imperative that even the smallest dust 
particles be kept out of the assembly. Special 
assembly areas and special work clothes are 
provided, and the air is continuously filtered 
to exclude all dust particles above 0.3 microns 
(0.0003 mm). Although particles of this size 
are not directly detrimental to the gyro per- 
formance, they may become dangerous by 
agglomerating. 

Fig. 7 shows the equipment used to evacuate 
the gyro and fill it with fluid. Here it is of the 
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utmost importance that even the smallest 
traces of gas be removed. Fig. 8 shows an 
assembly booth, with a gyro in the process 
of final assembly. The worker is separated 
from the work piece by a glass plate, and only 
his gloved hands can reach the gyro through 
narrow openings. Fig. 9 shows the miniature 
gyro manufactured by the Kearfott Division 
of General Precision Inc. 


B. The accelerometer _ 


The most widely used accelerometer today 
is an electro-magnetically compensated pen- 
dulum, consisting of a mass fastened to a 
lever supported by a flexible joint. The mass 
supports two coils; on the left the air coil of 
an inductive pick-off, and on the right the 
moving coil of an electromagnetic torquer. 
The pick-off generates a signal which, after 
being amplified and rectified, is fed into the 
torquer coil, where it produces a force in the 
field of a permanent magnet. This force 
counteracts the deflection of the pendulum, 
and since the current is proportional to the 
acceleration, it supplies an analogue measure 
of that acceleration. 

The requirements which an accelerometer 
has to meet are extremely severe: it is expected 
to measure an acceleration of up to 20 g, while 
responding equally well to one of 1/10,000 g. 
Its size should not exceed a few centimetres, 
and it should weigh little more than 100 
grams. It must be capable of supplying correct 
measurements even when its support is 
vibrating and must withstand shocks of 60 g. 

If this accelerometer, whose direct current 
output is the analogue of the acceleration at 


Fig. 11: 


Assembly in dust-free, slightly pressurized rooms. 





Fig. 9: 

The Kearfott Miniature Floated Rate Integrating Gyro. 
This miniaturized, fluid-filled gyro for integrating 
rotation speed revolves at 24,000 r.p.m. and is driven by 
a subminiaturized three-phase motor (30 volts — 400 
c/s). When used as an azimuth gyro, the instrument has 
an average drift of 0.015° per hour, when used as a 
vertical gyro a drift of 0.003° per hour. Its operating 
temperature is 66°C, with a maximum warm-up time of 
5 minutes at room temperature and 10 minutes at 
— 62°C, Total weight 0.84 Ib; length 3 inches. 





Fig. 10: 

The Kearfott miniature accelerometer is suitable for the 
navigation, guidance and stabilization systems of ships, 
aircraft and rockets. It can measure accelerations of up 
to 20 g; its scale factor is 5 mA/g and its null error is 
20 seconds of arc. Operating temperature is 155° F + 5°F. 
Max. weight 4 oz; length 2 inches. 
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a given moment, is associated with a digital 
integrator, the direct current must be con- 
verted into pulses. The average number of 
pulses per second corresponds to the amount 
of current and hence to the acceleration, 
while the sum of the pulses represents the 
time integral of the acceleration or, in other 
words, the velocity. 

Besides this compensation pendulum, there 
are two other devices which have proved their 
worth in the measurement of accelerations. 
The first consists in principle of a mass 
supported in the centre of a wire under 
tension, and made to vibrate at its natural 
frequency. As the accceleration varies, so 
does the frequency, generating an output 
proportional to the acceleration. The second 
device is a so-called gyro pendulum, in 
which a pendulum provokes a precession 
motion in the gyro, under the influence of the 
acceleration. The precession velocity here 
provides a measure of the momentary 
acceleration, while the precession angle 
represents the direct integration in relation 
to time and hence the velocity. 

Fig. 10 illustrates the Kearfott miniature 
accelerometer for space vehicles and long- 
range rockets. 


C. The computers 


Yet another group of high precision devices 
is formed by the computers. These perform 
mathematical operations such as integration 
of acceleration and velocity, computation of 
earth’s rate components, centrifugal forces, 
system functions in conjunction with 
associated equipment, etc. Some computers 
are still based on the analogue principle, 
though digital computers are coming in- 
creasingly to the fore, since they offer a 
higher degree of precision combined with 
lighter weight and smaller size. Transistors 
have also largely replaced electron tubes in 
the amplifier circuits. To complete the 
picture it should be added that the computer 
reference voltage must often be kept constant 
to within 0.01 percent. 

” 

To sum up, it can be said that the work of 
the past 15 to 20 years has turned the old 
dream of an independent navigation system 
into reality. Dr. Draper’s first fully inertially 
guided transcontinental flight in 1953 proved 
the soundness of the principle. Since then a 
number of American companies have 
developed and tested inertial navigation 
systems for aircraft and missiles, and quantity 
production has begun. At the same time size, 
weight and power requirements have been 
greatly reduced. Accuracy and reliability have 
also been substantially increased, and there is 
every likelihood that they will be improved 
still further. + 
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... the Wessex can be airborne and in full operational use. Powered by the Napier N.Ga. Gazeile 
free-shaft turbine engine, it is a new weapon for defence particularly in its anti-submarine réle, capable of both search and 
strike sorties over a wide area. 

The Wessex can carry a military load of 2,200 Ib. over a range of 340 n. miles (390 statute miles) at a cruising speed of 
100 knots (115 m.p.h.). This most versatile of modern helicopters can be used in many other réles including ambulance, trooping 
(16 fully-equipped men), freighting, passenger transport (12 seats), crew training and carrier plane-guard. 

Salient features of the Wessex include:— 


* Quietness of operation. 
* Considerably reduced maintenance and servicing commitment since the conventional cocling 


fan and clutch unit are no longer required. 
* Rotors and Transmission parts are all backed by thousands of hours of in-flight proving. 


* Complete Automatic Stabilization Equipment can be provided. 
* In large scale production for the Royal Navy. 

* Rapid conversion possible from one réle to another. 

* Can lift and fly with external loads of up to 4,000 Ib. 


WES ILA ND the great nome in HELICOPTERS 


WESTLAND AIRCRAFT LIMITED - YEOVIL - ENGLAND 


Incorporating Sauncers-Roe Ltd., Fairey Aviation Ltd. and the Bristol Division. 








Lunar Landing Problems 


by Kurt R. Stehling, National Aeronautics and Space Administration, Washington, D.C. * 


The landing of a spacecraft or a payload on 
the moon may be an important part of our 
coming space technology. There are three 
methods of placing a payload on the moon, 
as follows: 


1. Hard Landing: this presumes no slow 
down and a direct impact at about 8,000 feet 
per second. This has been achieved by a Rus- 
sian lunar firing. There is some possibility of 
designing spacecraft or payloads which could 
survive such an impact, but a more practical 
situation is— 


2. The Rough Impact, where the spacecraft 
is partly slowed down by some backward fir- 
ing or “retro” propulsion system. This 
scheme is used in the coming NASA Ranger 
program. If the spacecraft has still to be pro- 
tected from the severe jolt encountered by the 
rough landing, then— 


3. The Soft Landing is necessary. This pre- 
sumes that the 8,000 feet per second lunar 
approach velocity is cancelled, and the space- 
craft settles on the moon with no more impact 
than is suffered, for example, by an aircraft 
landing on the earth. It should be obvious that 
this form of landing is a must for any manned 
lunar exploration. 


While propulsion questions are discussed 
here in a very brief way, it must be remem- 
bered that the guidance and control problems 
of a lunar flight are very considerable. How- 
ever, various spacecraft have been projected 
toward and around the moon with the requi- 
site guidance accuracy and the control neces- 
sary to maintain proper attitude. So far, how- 
ever (at time of writing), no soft landing with 
retro propulsion has been achieved. 


An interesting question arises whether the 
propulsion necessary for slowing down the 
lunar spacecraft should be that pertaining to 
the last stage of the earth-launch vehicle. At 
first sight it seems attractive to use the last 
stage by burning about one-half of its propel- 
lants and leaving the residue for the lunar 
approach after the last stage has coasted to 
the moon. No further stage separation is 
required, and an existing propulsion system 
is used without the complications of extra 
engines and redundant elements. However, on 


* The opinions expressed here are the author’s own and do not 
necessarily reflect those of NASA. 
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further examination, these advantages vanish 
before the various problems of “flipping” 
the last stage in space so that the engine 
points towards the moon, the extra propul- 
sion energy needed to slow down the entire 
and rather heavy last stage and the need to 
build into the propulsion system requirements 
for start-stop and/or throttling—the latter 
feature needed on/y for the lunar approach. 

Furthermore, the normal equations of 
rocket staging show that the 8,000 feet per 
second velocity can be eliminated more 
cheaply by another spacecraft stage with pay- 
loads and propulsion designed entirely for the 
lunar approach. The problem is really one of 
taking a given multi-stage rocket, firing a 
next-to-the-last stage, letting it coast for 
about two days and then once again making 
up about 8,000 feet per second with another 
and last stage. It does not really matter 
whether the velocity vector points backwards 
or forwards; the velocity increment has to be 
achieved in some way and can be done more 
economically by a last stage. Assuming then 
that the lunar spacecraft contains a propul- 


Structural diagram of a two-stage moon probe for a soft 
landing. 

Key: 1. instrument payload; 2. tanks, valves, etc. for 
second stage propellants; 3. second stage thrust chamber 
and expansion nozzle; 4. retro and attitude control jets; 
5. possible extension of second stage nozzle to achieve a 
high expansion ratio; 6. skirt around first stage rockets, 
can act as shock absorber on touchdown; 7. expansion 
nozzles for the three first stage solid-propellant motors; 
8. solid rocket thrust chambers. 
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sion system suitable for lunar landing (and it 
must be remembered that only a rocket system 
can be used for a lunar slow-down, since no 
other braking forces are available), what then 
are the necessary characteristics of a rocket 
retro system? We assume an ideal system and 
ignore questions of development, time and 
availability: 


a) Space storability: During its two-day 
journey to the moon the propulsion system is 
exposed to the peculiar conditions of temper- 
ature, vacuum and possibly radiation that 
exist in the space between the earth and moon. 
It is possible that cryogenics such as LOX- 
hydrogen could be used, but it seems likely 
that a non-cryogenic combination such as 
N,O,/hydrazine or nitric acid/hydrazine, or 
chlorine trifluoride/hydrazine would be more 
practical. Even if there were no excessive boil- 
ing of cryogenics in space there would remain 
the problem of the low temperature behav- 
iour of valves and seals after many hours of 
exposure. 

I expect that experiments with such rockets 
as the NASA Centaur, burning liquid oxygen 
and liquid hydrogen, will help to clarify the 
cryogenics-in-space picture. 


b) Good mass ritio: For a low payload 
weight of about 200 Ib, the solid propellant 
rocket seems to have a better mass ratio. 
However, when spacecraft and payload ap- 
proach a weight of several tons, then the 
liquid may once again show mass ratio ad- 
vantages. 


c) Vacuum ignition and system reliability: 
The retro propulsion system: must of course 
be able to ignite in the vacuum of space and 
do so without violent surges and pressure 
transients. Both hypergolic liquids and most 
solids have demonstrated good vacuum igni- 
tion characteristics, with the solids perhaps 
having a slight edge. In overall reliability, 
again, the solid has the obvious advantages of 
no moving parts, and the only thing that can 
go wrong is the ignition process. This price, of 
course, is paid for by lack of versatility, with 
little or no throttling or re-start capability. 


d) Throttling: It is mandatory that some 
control over the propulsion impulse is avail- 
able. It is inconceivable with the present state 
of the art that a propulsion radar controller 
can start and stop the rocket system exactly, 








with all total impulse expended just on landing 
on the lunar surface. The propulsion system 
must have some flexibility to allow for velo- 
city corrections, to say nothing of lateral 
drift rate and attitude corrections. The /iquid 
rocket shines here and is necessary if this fea- 
ture is to be obtained. It is not too difficult to 
design a rocket engine system capable of 
throttling to about 20% of full thrust. Com- 
bustion instability and insufficient cooling at 
reduced thrust (and therefore chamber pres- 
sure) ratings are problems which limit the 
throttling range. 

A start-stop or “ bang-bang ” engine ma- 
neuvre is also possible for descent control. 
But the start and stop combustion (and there- 
fore thrust) transients that would occur 
would place a tremendous strain on the con- 
trol system for maintaining attitude. Also, 
the chance of system breakdown is greatly 
increased as the hydraulic surges pulse 
through the feedlines. So it is much more 
likely that a throttling smooth-control pro- 
pulsion program will be used. 


e) Good specific impulse: As in any staged 
rocket system, the specific impulses of the 
upper stages must be high if a reasonable 
economy of vehicle structure and a good pay- 
load weight are to be obtained. For a lunar 
vehicle to be launched by available boosters 
with a payload weight of 200 Ib or so, a mean 
specific impulse of the retro propulsion sys- 
tem ! of at least 300 seconds is necessary. The 
liquid system such as liquid hydrogen/liquid 
oxygen can do much better than that, of 
course, but the aforementioned cryogenic 
problems may preclude their use in early 
lunar landers. On the other hand, if a specific 
impulse of 300 seconds only is needed, solid 
rockets with nozzle expansion ratios of about 
60 : 1 could serve the purpose. 


f) Zero “g” start: Since the spacecraft will 
be in free fall towards the lunar surface, the 
propulsion system should have starting ca- 
pabilities in an environment where liquids can 
behave unpredictably and pressurization sys- 
tems could fail. The solid is of course out- 
standing here, with no sloshing or propellant 
bubbling. On the other hand, if a liquid had 
to be used, small gas jets could produce 
enough deceleration to achieve a head on the 
liquids, but of course with the added cost of 
further complications. 


g) Predictable performance: It is a further 
strain on the radio altimeter or propulsion 
controller to have to tailor the rocket impulse 
appreciably. It is better if the total impulse 
necessary can be achieved by the propulsion 
system to within a few Ib/seconds. Further- 
more, a complete burnout of the propellants 
leaves none for the actual touchdown and 
therefore obviates fire danger when liquid 
propellants are used. A solid has the problem 
of poor shutdown characteristics and the 


1 Includes average of liquid and solid impulses, if both systems 
are used in the spacecraft. 


weight penalty of (shut-off) rupture discs, etc. 
Therefore much ground testing in vacuum 
chambers and careful quality control would 
be necessary during the solid rocket’s devel- 
opment and manufacture. 


h) Lunar surface blast effects: This is tied 
in with the last question. If all total imru'se 
can be achieved at some height above the 
lunar surface with the spacecraft now falling 
a short distance to the surface with the shock 
absorbed by impact bags, crushable legs or 
gentle gas jets, then a mighty billow of dust 
clouds may be avoided. The velocities accru- 
ing to the spacecraft when falling from even 
100 feet above the surface of the moon are not 
excessive. 

On reviewing the above points, it is ap- 
parent that a composite propulsion system is 
ideal for a soft lunar lander. And a further 
look shows that a solid rocket should be used 
to cancel out about 90% of the approach 
velocity, with some simple hypergolic or 
monopropellant liquid system used for trim- 


Possible descent maneuvre for soft lunar landing (two- 
stage rocket). 

The pressure nozzles, set off by command from the radio 
altimeter, begin to function (A), to bring the vehicle, 
which is falling at a velocity of almost 8,100 ft/sec 
towards the moon, into a roughly vertical position. A 
little later the three solid-propellant rockets in the first 
stage ignite (B) and decelerate the vehicle to 1,000 ft/sec. 
After burnout of the first stage, the solid-propellant 
motors are ejected (C), and the second stage liquid- 
propellant engine is ignited (D). By burnout of the 
second stage the entire kinetic energy has been absorbed 
(E). The moon probe falls freely through the last few 
feet, but lands at relatively low speed because of the 
moon’s weak field of gravity (one sixth that of the earth); 
from a height of 200 ft, for example, the speed would be 
45 ft/sec. 

















ming the residual velocity, maintaining atti- 
tude control and final touchdown ma- 
noeeuvres. It can be argued that a liquid system 
might as well be used throughout, but as I 
have stated earlier, the mass ratio advantages 
of the solid, for the small spacecraft con- 
sidered here, give it an advantage. It would 
of course be fine to have a propulsion system 
with all the desirable characteristics of high 
performance and versatility of the liquid, 
combined with the density and reliability ad- 
vantages of the solid, but such a system has 
yet to be invented. 

Considering the above then, it is possible 
now to describe the characteristics of a hypo- 
thetical propulsion system for landing a net 
instrument package of about 200 lb on the 
lunar surface. 


Structure 
Two stages: first stage with three solid-propeliant 
motors 
second stage with one liquid-propellant 
motor 
Weights 
Instrument payload ............. 200 Ib 
First stage: propulsion system, case plus 
HU eck a Rte lene 18 Ib 
ONE? 5.’ K eh. bina ce 200 Ib 
Second stage: tanks plus helium pressure 
ark er aes a 4 Ib 
main thrust chamber, flow 
controls, pitch-yaw-roll 
pe eae ee eee ee 19 Ib 
miscellaneous structure. . 2 Ib 
propellant (monopropellant 
hydrazine) ....... 40 Ib 
Performance 


Specific impulse, first stage, nozzle expansion 
EN IE Oe Bree ke es ae ae ere 
Caer OO OUR io ona ee Se ae We Be 6,000 Ib 
Specific impulse, second stage, nozzle expan- 
sion ratio 8): 1 and chamber pressure 800 


WO Bia e 66 ke SEA eke 320 sec 
Second stage thrust. .........6-. 500 Ib 
Velocity decrement from first stage .... 7,100 ft/sec 
Velocity decrement from second stage .. . 1,000 ft/sec 


It is not likely that guidance accuracies will 
be achieved within the next few years that 
will allow for an approach to the lunar sur- 
face with no velocity components at all. 
Precise impulse control could be obtained 
from a multi-leg Doppler system which can 
give instantaneous altitude and closing rates 
and even drift rates across the lunar surface. 
Indeed, a multi-leg system could even yield 
attitude information. The radio altimeter 
(which is a function of the Doppler system) 
must give the ignition signal at a precise time 
to the main stage propulsion. Then when this 
has achieved its function, it could be dis- 
carded as part of the last stage, and the liquid 
system now burning would have to decelerate 
only the spacecraft and liquid propulsion sys- 
tem. 

During the last 100 feet or so, we presume 
propulsion off, but attitude control might still 
be necessary and this could be achieved 
through a by-pass system with miniature jets 
and by the venting of pressurizing gases. 

Some research must be done in the areas of 
exhaust gas “ballooning” in a vacuum in 
order to determine what protection is neces- 
sary for spacecraft elements. It might also be 
possible to earth test the propulsion systems 
by dropping them from balloons or high fly- 
ing aircraft over some rocket range. This 
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scheme meets the obvious difficulty of the 
greater gravitational attraction on earth and 
the interaction of the atmosphere with the 
exhaust jets and the spacecraft. Another pos- 
sibility would be to launch the test lunar 
spacecraft by a ballistic rocket, letting it 
separate near the apogee and plunge towards 
the earth with the retrosystem functioning in 
the near vacuum above 50 miles. 


* 


On the basis of theoretical investigations of 
the kind outlined above, NASA has awarded 
the Aeronutronic Division of Ford Motor 
Company a contract for the development of 
a 300-Ib instrument package to be landed on 
the moon in about two years’ time. This is 
part of a larger spacecraft now being con- 
structed at NASA’s Jet Propulsion Labora- 
tory in Pasadena, California. The mushroom- 
shaped package will be detached from the 
vehicle at about 20 to 25 miles from the 
surface of the moon, then slowed down by a 
retro rocket. The instruments, including a 
seismometer and temperature-recording de- 
vices, will impact on the moon at less than 
300 m.p.h. and will be protected by a honey- 
comb crushable structure designed to absorb 
severe impact. It is hoped that moon-quakes 





Artist’s impression of a manned spacecraft after landing 
on the moon. A dream today, a project tomorrow and 
perhaps a reality the day after. 


or meteor impacts recorded by the seis- 
mometer will provide new knowledge of the 
moon’s structure. Data will be radioed back 
to earth for at least a month. The main body 
of the spacecraft and the capsule will together 
weigh about 800 Ib and will be lifted by an 
Atlas-Agena B. The vehicle will carry a tele- 
vision camera system to photograph the moon 
and transmit the pictures back to earth. 
Meanwhile, several commercial firms have 
received NASA study grants for preliminary 
work on a soft landing capsule. The name of 
the project is Surveyor, and the booster will 
be a Centaur. The company judged to have 
the most suitable approach to the problem 
will be given a contract late this year to 
design and build a prototype capsule. 

Unmanned instrument packages landed on 
the moon will undoubtedly be able to carry 
out measurements which cannot be made 
from the earth even with the most modern 
tools available to astronomy and astro- 
physics. Full exploration of the moon, how- 
ever, will require the presence of man. Before 
man can first set his foot on the earth’s 
natural satellite, much technical and scientific 
progress must be made, for there can be no 
compromise with reliability, performance or 
safety. 





A New Map 
of the Moon 


When man gets to the moon he will find his 
horizon very limited. He will not even be able 
to see a 7,500-ft mountain if it is 50 miles or 
more away from him. Reason: the sharp cur- 
vature of the moon’s surface. What is more, 
the moon has relatively few high points which 
could be used for orientation purposes in cer- 
tain regions, and finally does not have a suf- 
ficiently powerful magnetic field to permit the 
use of a compass. To find his way around the 
moon, therefore, he will have to look for 
other aids. Existing maps of the moon’s sur- 
face are not accurate enough to serve as 
guides, either. 

The Aero Chart and Information Center, 
of St. Louis, Missouri, is therefore working, 
under the guidance of Professor Zdenek Kopal 
and Dr. J. Ring of the University of Man- 
chester, on a surface map of the moon which 
is to present even the smallest details in realis- 
tic manner. For this work use is at present 
being made of the photographs taken by the 
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The observatory on the Pic-du-Midi in the French 
Pyrenees, now equipped with a 60-cm refractor, will 
shortly have a new reflector telescope with a reflector 
diameter of one metre. 


60-cm refractor on the Pic-du-Midi, France. 
When the new reflector telescope with a re- 
flector diameter of | metre is completed, how- 
ever, it will be possible to obtain photographs 
of still greater detail, with shorter exposures. 

As a purely photographic reproduction of 
the moon’s surface would produce a dis- 
torted picture, the new map must be drawn 
as if each point on the surface were seen from 
directly above. As a first step, the height of the 
various hills must be ascertained by measur- 
ing their shadows, though great care must be 
taken in the final presentation to ensure that 
topographical .features are not; obscured by 


shadow. Two to three thousand “landmarks” 
will be drawn in on the basis of existing moon 
photographs, and the details in between later 
filled in from some 100,000 cinematographical 
pictures taken by the new reflector telescope. 
Even using an electronic computer, it will take 
about ten years to prepare the first standard 
map of the moon. 


Three mighty circular mountains on the moon: Arzachel, 
Alphonsus and Ptolemy (from top to bottom). 
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From Science Fiction to Space Law 


Random Notes from the IAF Colloquium on the Law of Outer Space 


John Wyndham, a popular writer of science fiction, unfolds a sombre 
tragedy in one of his latest stories. The scene is a small natural planetoid 
which serves as an intermediate stop for interplanetary traffic and is manred 
by a spaceport official from earth and his Martian wife. One day a geologist 
lands to study the structure of this heavenly body. In a fit of blind jealousy, 
the official punctures the geologist’s space suit, so that he perishes on a 
scientific excursion. Hereupon the embittered wife discharges the heating 
battery in her husband’s suit, thus coming into possession of a handsome 
legacy and a no less comfortable widow’s pension. A space employment 
contract, an interplanetary marriage, two murders in outer space, a Martian 
as heir to an earth-man—in short, everything to make the space lawyer’s 
heart beat faster. 

Lest we incur the just wrath of the disciples of this new branch of know- 
ledge, however, we should stress that space lawyers generally keep their 
imagination under firmer control than writers of science fiction. For they 
are fully aware that they stand at the beginning of a new development in 
law, a development which is nevertheless gaining speed like a rocket lifting 
off from its launch pad. This is understandable in view of the flocks of legal 
experts who are turning their attention in this direction—a bibliography 
published as far back as the beginning of 1958 covered some 300 publica- 
tions with no fewer than 12,000 printed or type-written pages. What is more, 
certain problems are gradually assuming a burning importance; the pos- 
sibility of, say, a space vehicle or its wreckage falling on human habitations 
is not exactly reassuring. And a satellite powered by solar batteries, un- 
abashedly transmitting radio signals for decades as it travels through the 
heavens without the slightest heed for the ITU frequency regulations, could 
become a serious nuisance. Finally, the possibility that the moon might 
suddenly cease to be the common property of all lovers and become the 
national territory of some power that had landed on it, is anything but 
attractive. 


Law and politics—an ill-matched couple 


These and many other problems of space law became acute during the 
International Geophysical Year, when the Russians put Sputnik J into orbit 
at the beginning of October, 1957, thus heralding the space age. As it hap- 
pened, the 8th Congress of the International Astronautical Federation was 
just then sitting in Barcelona with the American lawyer and space law expert 
Andrew G. Haley in the chair. Fired by the Russian achievement, the IAF 
launched resolutely into the problems of space law and has since been in the 
forefront of the organizations striving to bring law and order into space. 
All this, of course, on a purely private basis for, like the International Law 
Association and many other scientific bodies, the IAF, which was founded 
by national astronautical societies, does not speak in the name of govern- 
ments. The only institution which would be authorized to do so is the com- 
mittee created by the U.N. Assembly to ensure that space is used for peaceful 
purposes in the interests of the whole of mankind. But, from the outset, this 
committee suffered from the same malady which today afflicts law, eco- 
nomics and many other branches of human activity: namely, politics. 

When the committee was formed, it consisted of 12 representatives of 
the Western bloc, 3 of the Eastern bloc and 4 from the “non-committed”’ 
nations. Soviet Russia, Czechoslovakia and Poland pressed for parity of 
numbers between East and West, threatened to leave the committee and 
finally obtained agreement to the formation of a new committee, to sit for 
two years, with more members from the Eastern bloc. This committee, in 
its turn, formed a sub-committee to deal with legal questions. But when the 
work was well under way, the USSR announced that she was dissatisfied 
with the choice of chairman. Moreover, as in the ten-power disarmament 
committee in Geneva, the Russians again began to tie up the question of the 
peaceful uses of space with the relinquishment of the USA’s “terrestrial” 
bases overseas. In other words, an “international astronautical organization” 
which would not only ensure that space is used for peaceful purposes but 
would also create an effective legal system is still a long way off. 


In any case, there is at the moment no requirement for an “international 
civil astronautical organization” on the lines of ICAO. For “private” space- 
flight will for a long time remain a pipe-dream. Anything which takes place 
beyond the atmosphere is exclusively under the stage-management of 
individual States . . . or, to be more precise, of two States who have no 
intention of allowing anyone else to interfere in their affairs or lay down the 
law to them. 

Apart from a few paragraphs which could perhaps be taken over from 
general international law, the development of an international space law can 
at present be based only on theoretical considerations worked out by the 
scientists, by the more or less “tolerated” ad hoc United Nations committee 
and by such private associations as the IAF. Practical steps to create 
a law of space can be taken only by the individual States, and this law would 
then be applicable only to nationals of such States. Anyone who ignores this 
fact when discussing space law is venturing into the realm of science fiction. 


Some of the problems 


Space . . . law? Here straightaway is the first stumbling block. Is it pos- 
sible to talk of space law until agreement has been reached on the legal 
meaning of the word space? The United Nations legal committee takes the 
view that, in the present state of knowledge, it is impossible to draw a 
boundary between the airspace—the realm of air law—and space proper— 
the realm of space law. Nevertheless it has selected a number of space law 
problems requiring early settlement and stated that in these particular cases 
no exact distinction is necessary. 

This statement would appear to be somewhat rash. The outcome of such 
generosity in the treatment of preliminary questions was seen in the Inter- 
national Astronautical Federation’s colloquium on space law in Stockholm’s 
Apollonia Theatre. 

In a paper entitled “High-Altitude Surveillance in International Law,” 
the American lawyer Spencer M. Beresford mentioned incidentally the U-2 
flight, remarking that complaints of a violation of Soviet airspace were un- 
justified since sovereignty over the airspace does not extend to such altitudes. 

In answer to protests from the auditorium, the chairman interrupted the 
speaker, to point out that the U-2 affair had nothing to do with space law, 
since the flight took place inside the earth’s atmosphere. There can be little 
denying that the latter view is probably the correct one. But so long as there 
is no general agreement upon where air law stops and space law begins, the 
chairman had no grounds for asking the American delegate to leave the 
platform. His view of the “space law” nature of this high-altitude flight is 
as good as any other. 

This small incident reveals that a clear definition of the frontiers of space 
law is of vital importance in connection with the question of national sove- 
reignty. As long as mankind was content to remain within the atmosphere 
for transport purposes, the jurists could make do with very summary for- 
mulations. For example, Article 1 of the Chicago Convention on Interna- 
tional Civil Aviation states: “The contracting States recognize that every 
State has complete and exclusive sovereignty over the airspace above its 
territory.” Admittedly there has been lively debate on the question of the 
altitude to which this right of sovereignty can be said to extend, but the fact 
that no final answer has been found has been of minor importance in the 
past. How far States have been in a position to make use of this theoretical 
right has become clear in their attempts to prevent illegal entry into their 
national airspace. 

Today, however, the problem has become more delicate. Whereas avia- 
tion is not free, but is subject to authorization by the States flown over, it 
has been generally assumed that space is “res communis,” that it belongs to 
all mankind, can be freely used by all and cannot be annexed. 

Up to the present, many conflicting answers have been proposed to the 
question of how far up States can claim sovereignty, and where “freedom’”’ 
begins; these range from an altitude of 50 miles, the upper limit of the air- 
space of interest to aerodynamic flight, to heights of 150,000 miles, 1 million: 
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miles or even more, or in other words to regions in which—in the opinion 
of certain air law experts—the earth’s gravitational force ceases to exert any 
attraction (?). 

Nature itself has shown a supreme disregard for the problem of setting 
an upper limit on national sovereignty claims. For in the cosmos everything 
exists in a state of rotary motion, so that a “sovereignty column’”’ projected 
into space above the territory of individual States would, above a certain 
altitude, have not a constant, but a continually varying, content. Anyone who 
follows the changing pattern of the heavens month by month will imme- 
diately see this point. But if a legal system has no clearly definable content 
it cannot be enforced. 


Another question is whether the heavenly bodies in space are common 
property or “unclaimed’’ objects which can be appropriated by States. 
Though the Russians dropped small Soviet stars on the moon, they expressly 
declared that this should not be interpreted as meaning they laid any claims 
to sovereignty. This brings us to one of the basic problems in space law, 
namely whether man is “morally’’ justified in attempting to set up a legal 
system to embrace the whole universe and thus bestow on sun, moon and all 
the stars his earthly treasure of legal wisdom. There may be other living 
creatures up there who prefer to seek happiness in their own peculiar way. 
Perhaps it would be more seemly to abandon the high-sounding term 
“space law” altogether, and speak only of “space travel law.” 


To take just one example from the mass of detailed questions, there is 
the matter of liability for damage caused by space vehicles to third parties 
on the surface. 

The Rome Convention, drawn up under the principles of international 
air law, covers only damage on the surface caused by aircraft in flight, and 
cannot be applied to space travel without modification. 

At the Stockholm colloquium, Professor J. C. Cooper, one of the highest 
authorities on air law, proposed the drafting of a similar convention to apply 
to space travel, under which the State responsible for the launching of a 
space vehicle should bear the liability for any damage occurring either on 
the ground or in space (caused by collisions between space vehicles, etc.). 

As it would be difficult for private individuals to prove their claims and 
push through their cases against foreign governments, Professor Cooper 
suggested that States should create a guarantee fund from which they could 
pay out compensation to their nationals, claiming reimbursement later from 
the responsible government. 


This brief article can do no more than offer samples of the varied topics 
discussed at Stockholm. To look more closely into the many questions 
raised the colloquium created an Institute for Space Law, with secretariat in 
Paris and outstanding air and space law experts as its members. These in- 
clude John C. Cooper (United States), C. Shawcross (United Kingdom), 
A. G. Haley (United States), E. Pépin (France), to mention only a few. A 
chairman’s seat in one of the working committees was also reserved for the 
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trémungslehre.—By O. Tietjens.—Vol. 1: Hydro- und 
Aerostatik; Bewegung der idealen Fliissigkeit.—Sprin- 
ger-Verlag, Berlin—Géottingen—Heidelberg, 1960 (Ger- 
man; 536 pages; 496 illustrations; price DM 66.00). 


In his foreword the author writes: “I have tried—even 
at the risk of becoming profuse—to present the material 
in such a way that on completion of his study the reader 
will not just have learned something parrot-fashion, but 
will come away with a thorough understanding of his 
subject.” Nothing could better describe the nature of 
this book than these words. From his long experience of 
teaching at two technological institutes (Vienna and 
Karlsruhe), Professor Tietjens is fully familiar with the 
difficulties encountered by students—to whom he ad- 
dresses himself primarily in this work. Main emphasis 
throughout is on physics, and mathematics are used only 
to lead step by step to the analytical solution of flow prob- 
lems. Finally, to render the subject matter even more 
clearly understandable, the author has included a large 
number of carefully drawn diagrams of flow lines and 
illustrated flow processes by photographs to provide a 
comparison with conditions in real fluids. 

A brief introduction on the qualities of real fluids and 
gases is followed by the fundamentals of hydrostatics and 
aerostatics with applications to the equilibrium of ships 
and free balloons. Then follow a few pages on surface 
tension and capillarity. The first of the chapters on hydro- 
dynamics begins with an explanation of the Euler, Ber- 
noulli and Laplace equations. Many typical solutions of 
Laplace equations are given and illustrated by flow lines: 
flow against a flat plate, two and three-dimensional 
source and sink, potential vortices, source and sink 
distribution in parallel flow, etc. Two-dimensional 
potential flow without free surfaces is dealt with in detail 
in a separate chapter. The introduction of complex func- 
tions is again followed by a series of practical examples. 

The next chapter is devoted to flows with free surfaces: 
flow over a dam, flow out of a container, flow in channels, 
surface waves. Finally, more than one quarter of the 
book is given over to the study of rotational flow, leading 
from simple vortices via vortex pairs to surfaces of dis- 
continuity and thence to the distribution of lift over a 
wing. 

A short appendix contains a series of purely mathe- 
matical derivations which would have been out of place 
in the main text. However, these in no way replace a 
course in mathematics. In fact, full value can be obtained 
from this book only if the reader has a thorough ground- 
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Russians. Will they in fact occupy it? 


ing in higher mathematics. The subject index and index 
to names are mentioned here merely to complete the 
picture, although they are not of primary importance in 
a book which is in no sense. reference work or a short 
cut to easy learning, but a basic textbook of the best 
possible kind, thorough, detailed and clearly presented. 
Any reader who does not understand the theory of ideal 
fluids after studying this book has only himself to blame 
... not the author. Pr. 
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Propulsion Systems for Space Flight.—By W. R. Corliss.— 
McGraw-Hill Book Company, Inc., New York— 
Toronto—London, 1960 (English; 300 pages with 
numerous illustrations; price £3 7s. 6d.). 


How much energy is required to lift one pound of 
payload from the earth to the moon? How can reactor 
engineering be applied to astronautics? What is meant 
by a solar sail? How does an ion beam engine work? 
Does “negative gravity” occur only in science fiction? 
Anyone seeking answers to these and similar questions 
will find them in the present book. 5 

The author discusses the various propulsion methods 
for space vehicles concisely but with due regard to the 
basic problems. The reader gets a complete review of the 
most important physical bases of space travel without 
lengthy mathematical distractions. Admittedly, quite a 
number of mathematical formulae are included and 
illustrated, though they are not explained in detail. The 
reader is first introduced into the general fundamentals 
of rocket propulsion; here already the practical signifi- 
cance of the theoretical considerations is brought out. 
He learns what are the important parameters in the 
solution of a propulsion problem. Next the methods of 
producing and converting energy are described in detail: 
conversion of heat into mechanical and electrical energy, 
temperature ionization, cooling problems, etc. 

In the second part of the book, the author goes into 
details of the different propulsion systems. Diagrams are 
used to explain the structure and functioning of power 
units, graphs and tables illustrate the relationships be- 
tween the major values. Since chemical rockets have 
already been dealt with exhaustively in other writings, 
attention in this book is given chiefly to the “advanced” 
propulsion systems, in particular nuclear units and 
electrical power systems. 

The book closes with a glance at the future and submits 
seemingly fantastic solutions such as occur in futuristic 


Book Reviews 


novels to realistic scrutiny. For those who wish to 
penetrate still further into this subject, the appendix lists 
some two hundred references to other writings. 
Although the work is addressed in the first place to the 
engineer or physicist with a basic knowledge of hig‘er 
mathematics and physics, it will also be of value to the 
scientifically-minded layman. Pr. 


Radio Aids to Civil Aviation.—Edited by R. F. Hansford. 
—Heywood & Company Ltd., London, 1960 (English; 
623 pages; 260 illustrations; price 126 shillings). 


In the words of the editor, this work is designed prima- 
rily as a handbook for the planning and development of 
future systems. In reality, however, it is much more: 
namely a highly competent reference book on the 
various radio aids in use today in civil aviation. Well- 
known experts from Britain’s industry and aviation 
authorities have collaborated on this book, which will 
fill a long-felt need. As the principles of radio are con- 
centrated in a special chapter at the beginning of the 
book, these details have been omitted in the description 
of actual radio aids. The remaining sections deal with 
aircraft communication systems, en route aids, aids to 
air traffic control, aids to approach, landing and surface 
movement, weather radar and radar links, covering these 
equipments from both the operational and the technical 
points of view and with special reference to the require- 
ments of civil aviation. Finally, the last chapter looks to 
the future, in so far as past work enables the trend of 
development to be discerned. The style is concise and 
apt, and there are many graphs, circuit diagrams and 
photographs to help the reader. The ICAO regulations, 
equipment characteristics and glossary of useful terms 
given in the appendices increase the value of the book, 
which should find wide use in aviation circles as a stan- 
dard work. 


Flugsicherung—Organisation und Betriebsverfahren.—By 
Karl Mdébius. Volume 2 in the series “Die Biicher der 
Luftfahrtpraxis,” edited by Dr.-Ing. K. J. Zetzmann. 
Second, revised and enlarged edition.—Hanns Reich 
Verlag, Munich, 1960 (German; 192 pages; 35 illustra- 
tions;.one map; price DM 11.80). 


The rapid development of air traffic control during 
recent years has necessitated a thorough revision and 
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considerable enlargement of this book, the first edition of 
which was published in 1956 (cf. Interavia No. 9, 1956, 
p. 728). Apart from changes in a number of operating 
procedures and general regulations, the new edition has 
had to include new sections on air traffic control services 
for the upper air and on radar control of air transport. 
The chapters on the certification and operation of radio 
equipment in aircraft and on the ground, and on the 
procedures for radio communications have been com- 
pletely rewritten. The same concise presentation has 
been retained as in the first edition, and a larger type 
has been used to make reading still easier. This book has 
long been a standard reference work in aeronautical 
circles. Eb. 


Hypersonic Flow.—Proceedings of the Eleventh Sympo- 
sium of the Colston Research Society, held in the 
University of Bristol, April 6th to 8th, 1959. Edited 
by A. R. Collar and J. Tinkler. Butterworths Scientific 
Publications, London, 1960 (English; 432 pages with 
many illustrations; price £3 10s. Od.). 


The present book reproduces the full text of the 
papers read at the above-mentioned symposium, together 
with a summary of the discussion which followed their 
reading. 

If the speed of a flowing gas—or the speed of a body in 
a gaseous medium—exceeds five times the speed of sound, 
it is termed hypersonic. The boundary between the 
“ordinary” supersonic range and the hypersonic range is 
not nearly so clearly marked as that between subsonic 
and supersonic speeds. In fact, this boundary is in reality 
a gradual transition. However, the introduction of a new 
designation for this speed range is justified because the 
physical phenomena which occur at Mach numbers 
above 5 require new theoretical methods and new experi- 
mental techniques. 

The difficulties encountered in exploring these pheno- 
mena are revealed by the fact that almost half of all the 
papers read at the symposium were devoted to experi- 
mental investigations. The theoretical papers dealt with 
such subjects as boundary layer problems, unsteady flow, 
the flow field between a blunt body and the bow wave, 
and Newtonian flow. Finally, a number of papers dis- 
cussed practical applications, such as the design of 
hypersonic vehicles, space gliders and air-breathing 
engines for high Mach numbers. 

When a conference is restricted to a narrow field of 
learning—in particular a new field—the publication of 
the papers represents much more than a collection of 
scientific contributions such as is contained in every 
technical magazine, but gives a more or less complete 
survey of the state of research in the domain concerned. 
The present volume must be described as having an 
encyclopaedic value of this kind. Pr. 


The Aeroplane: An Historical Survey of its Origins and 
Development.—By Charles H. Gibbs-Smith. Her 
Majesty’s Stationery Office, London, 1960 (English; 
375 pages; more than 140 photographs; numerous 
drawings; price £1 15s.). 


Written at the invitation of the Science Museum, this 
monography is in a sense a continuation of the “Histori- 
cal Survey of Heavier-than-Air Aircraft” (now out of 
print) by the late M.J. B. Davy, Keeper of the Department 
of Air Transport at the Museum. 

Unlike most aviation historians, Charles Gibbs-Smith 
has grouped his story not around events and personalities, 
but primarily around the actual vehicles and their 
development: aircraft, rockets, parachutes, propellers, 
control surfaces, engines, etc. 

Nevertheless, the men to whose genius these objects 
owe their existence are by no means neglected, and it is 
astonishing how much new information the author has 
unearthed on even the most well-known pioneers—such 
as Sir George Cayley, to name but one example. 

The conscientious, critical but at the same time humor- 
ous and gripping account bears testimony to the author’s 
wide-ranging interests. Particularly attractive, for exam- 
ple, is his “interlude” of quotations from writers of 
many ages, including Lord Byron, Tennyson, Churchill 
and Jean Cocteau, not to mention Lilienthal, Chanute, 
the Wright Brothers and Theodore von Karman. One 
special jewel from this collection is the judge's pronounce- 
ment in a witchcraft trial in 1712 that there was “no law 
against flying.” This same open-mindedness, incidentally, 
has been the guiding spirit in this book by the writer of 
many works on the history of aviation—a book which 
will enrich any aviation library. He. 


Belastungszeiten von Start- und Landebahnen im Hinblick 
auf die Anordnung und Notwendigkeit von Schnellabroll- 
wegen.—Edited by the Arbeitsgemeinschaft Deutscher 
Verkehrsflughafen, Stuttgart, 1960 (German; 21 pages 
of text, 14 tables, 29 diagrams; price DM 18.00). 


Runways and the taxiways connecting them with the 
apron are among the most costly installations at any 
airport, and their dimensions and layout play an impor- 
tant part in determining the airport's handling capacity. 
As aircraft landing speeds increase, so does also the time 








each aircraft spends on the runway (since deceleration 
remains unchanged), which obviously cuts capacity. 
However, modern aircraft are also much more control- 
lable on the ground, so that some of the problem can be 
solved by the provision of high-speed turn-offs. Most 
aircraft with nose-wheel undercarriages can safely 
negotiate large-radius turns at speeds of up to 50 m.p.h. 

If every aircraft landing at an airport could use a turn- 
off at just the moment when it had reduced speed to the 
maximum for safety leaving the runway, then the length 
of time during which the runway was occupied could be 
reduced to a minimum. The question of cost, however, 
will in most cases limit the number of these high-speed 
turn-offs to one in each landing direction. To obtain data 


on the optimum position for such a turn-off, the speed - 


behaviour of aircraft during landing has been studied by 
means of a time recorder at three German airports, 
Frankfurt, Hamburg and Stuttgart. As, at the time of the 
study (summer 1959), there were too few jet aircraft 
landing at German airports to provide a representative 
cross-section, the investigation had to be limited to 
propeller-driven aircraft. The result is a recommendation 
that a high-speed turn-off should be installed some 1,300 
to 1,500 yards from the runway threshold. 

The report contains not only a description of the 
methods used in the study, but also the complete series 
of measurements made, classified according to airport, 
aircraft type and weather conditions. 

At a time when many airports are being expanded at 
great expense, and completely new ones are being built, 
the present report is particularly welcome. Pr, 


High Speed Aerodynamics and Jet Propulsion.— Volume XI, 
Design and Performance of Gas Turbine Power Plants. 
Edited by W. R. Hawthorne and W. T. Olson. Prince- 
ton University Press, Princeton, New Jersey, 1960 
(English; 563 pages; price $15.00). 


The title of the eleventh (and last but one) volume in 
the present series is somewhat misleading, or to be more 
exact too general; nearly two thirds of the book are 
devoted exclusively to the design of combustion chambers. 
Another section deals with materials and blade flutter, 
while the final chapter discusses the operating behaviour 
of gas turbines. This distribution is in no way due to an 
over-estimation of the importance of certain portions 
of the overall subject matter, but rather to the fact that 
the editors have deliberately ignored all such material 
as can be found in any textbook on stationary gas tur- 
bines. For this reason, the present volume contains no- 
thing on the strength of rotating bodies, on heat tensions 
in turbine wheels and casings, or on shafts, bearings, 
packings or similar mechanical parts. On the other hand, 
the high and variable combustion chamber stresses in 
aircraft engines create problems which are of scant sig- 
nificance in stationary motors. In the choice of materials, 
too, the designer of an aircraft turbine must meet very 
much more stringent requirements than, for example, 
his colleague who is designing the turbine for a power 
station: higher turbine inlet temperatures, frequent 
starting, periods of operation at less than full load and 
above all the lowest possible structural weight. There is 
no need to stress that aircraft engines differ fundamentally 
from other gas turbines as regards operating conditions. 
All this is sufficient alone to explain the apparent lack 
of balance in the allocation of space. 

Since a detailed analysis of the contents would fall 
outside the scope of the present brief review, the chapter 
titles alone will be given. These in any case give an 
excellent survey of what the book has to offer. Part 1. 
Introduction: general considerations; Part 2. Combustion 
chamber design: requirements and processes; experi- 
mental techniques; fuel injection; flame stabilization; 
mixing processes; fuels for aircraft gas turbine engines; 
combustion chamber development; Part 3. Mechanical 
and metallurgical aspects: mechanics of materials for 
gas turbine applications; flutter problems in gas turbines; 
Part 4. Turbine power plants: performance. In addition 
there is a list of references at the end of each chapter, and 
a general index. 

The book is addressed primarily to the designer; 
principal stress is therefore laid on detailing the results 
of research to date, a project in which the many diagrams 
—often comparing theory with results of experiments— 
afford considerable assistance. The reader's mathematical 
knowledge need not extend beyond simple differential 
and integral calculus. 

This work needs no special recommendation: anyone 
who has to do with aircraft gas turbines will put it on the 
first shelf of his library. Pr. 


Surface Effects on Spacecraft Materials.—Edited by Francis 
J. Clauss.—John Wiley & Sons, Inc., New York, 1960 
(English, 404 pages with numerous illustrations and 
tables; price $11.50). 


Under the above title the U.S. Air Force’s Air 
Research and Development Command and Lockheed 
Aircraft Corporation’s Missiles and Space Division 
organized a joint symposium in May 1959. The present 
book now reproduces the papers read and the discussion 
they aroused. 








The conditions which a space vehicle meets outside 
the earth’s atmosphere differ from those in the vicinity 
of the earth’s surface to such an extent that many 
materials behave very differently from their normal 
practice. The most heavily affected part of a spacecraft 
is its outer skin. It is not only subjected directly to 
environmental influences—vacuum, radiation and meteo- 
rite impacts—but also has a whole series of tasks to 
perform, which still further restricts the choice of mate- 
rials: protection of the payload from excessive radiation 
and mechanical damage, contribution to the vehicle’s 
rigidity and cooperation in the maintenance of a heat 
equilibrium. Difficulties begin right away in the explora- 
tion of the behaviour of materials, since great technical 
problems have to be met, for example, in simulating 
vacuum conditions in the laboratory. 

These and similar questions are dealt with in the 
present volume, The reader will undoubtedly be grateful 
that the authors have expanded their papers for publica- 
tion (shortage of time during the symposium had meant 
cutting them to a minimum) and have included additional 
diagrams and references. The articles are divided into 
four subject groups: heat equilibrium of spacecraft: 
absorption and emissivity of materials; influence of 
vacuum on the properties of materials and vacuum 
engineering; and finally the effect of radiation and cosmic 
dust on the surface of a space vehicle. 

As must be expected with so complex a subject, 
research must arrive at a theoretical basis through 
experimental techniques. The excellent layout of this 
book and its clear presentation of a difficult subject will 
surely create a demand for it outside the still limited 
group of experts—particularly as the themes discussed 
are of interest to fields beyond pure astronautics. Pr. 
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Erneuerung unserer Stadte.— Published by W. Kohlhammer 
Verlag, Cologne, 1969 (German, 223 pages). 


Der Fiiirer ins Nichts.—By H. Buchheim, E. Eucken- 
Erdsiek, G. Buchheit, H. G. Adler.—Published by 
G. Grote’sche Verlagsbuchhandlung KG., Rastatt in 
Baden (German, 88 pages). 


Some of the Few.—By John P. M. Reid, Portraits by 
Cuthbert Orde.—Published by Macdonald & Co. (Pub- 
lishers) Ltd., London, 1960 (English, 60 pages). 


Countdown.—The Story of Cape Canaveral.—By William 
Roy Shelton.—Published by Little, Brown and Company, 
Boston, Toronto, 1960 (English, 165 pages). 


U.S. Marine Corps Aircraft 1914-1959.—By William T. 
Larkins.—Published by Aviation History Publications, 
Concord, Calif., 1959 (English, 203 pages, price $5.00). 


Interplanetary Flight.—By Arthur C. Clarke.—Second 
edition published by Temple Press Books, London, 1960 
(English, 144 pages, price 12s. 6d.). 


Design for Flight.—The Kurt Tank Story.—By Heinz 
Conradis.—Published by Macdonald & Co. (Publishers) 
Ltd., London, 1960 (English, 246 pages, price 21s.). 


The Battle of Britain.—By Edward Bishop. Published by 
George Allen and Unwin Ltd., London, 1960 (English, 
235 pages, illustrated, price 21s.). 


The Years of the Sky Kings.—By Arch Whitehouse.— 
Published by Macdonald & Co. (Publishers) Ltd., London, 
1960 (English, 334 pages, illustrated, price 25s.). 


Fighter Aircraft of the 1914-1918 War.—Published by 
Harleyford Publications Ltd., Letchworth, Herts., 1960 
(English, 224 pages, profusely illustrated, price 45s.). 


I Gravitoni.—By A. Prestigiacomo.—Published by Editrice 
2000 Torino, 1960 (Italian, 201 pages, price 1200 Lire). 


Russische Vliegtuigen.—De Luchtvaart in de Sovjet-Unie. 
—By Hugo Hooftman.—Published by Verlag ARTI, 
Alkmaar-Holland, 1960 (Dutch, 85 pages, profusely 
illustrated.) 


Alles over Raketten en Raketvliegtuigen.—By Hugo 
Hooftman.—Published by La Riviére & Voorhoeve, 
Zwolle, 1960 (Dutch, 184 pages, illustrated, price f7.90). 


Les Grands Problémes Techniques de _ 1’Aviation.— 
J. Lachnitt.—Published by Dunod, Vol. 5 in the series 
Science et Progrés, 1960 (French, 126 pages, illustrations, 
price NF 9.—). 


Publications scientifiques et techniques du Ministére de 
l’Air: Distributed by Service de Documentation et 
d’Information Technique de !’Aéronautique, Paris, 1960: 


No. 361: Application de la méthode optique du contraste 
4 phase a l’étude des écoulements gazeux.—By Roger 
uyer. 


No. 362: Contribution a I’étude des diffuseurs courts de 
révolution.—By Osmane Ajidi. 
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lfake off and landing distance reduted 
'@ oad carrying capacity increased 


wiTtH THE NEW 16/78 PASSENGER 


Twin Pioneer 4 
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B service 


makes 
the dif— 
ference 


Fly Swissair worldwide! 


SWISSAIR 








SAFETY GLASS - NON-MISTING - NON-FROSTING 
GLACE TRIPLEX - LONGJUMEAU 








Provides Angle and Range siting calibra- 
tion data for Long Range, Gap Filler and 
Ground Control intercept Radars. 


The Gilfillan Moving Target Simulator 
reflects radar signals, when interrogated, 
back to the surveillance system at a con- 
stantly changin gphase, during both nor- 
mal and MTI operations. 


The production unit includes parabolic 
reflector; waveguide assembly (containing 
a horn and transistorized diode switching 
circuitry); battery box. Waveguide assem- 
bly is furnished as S-band, X-band, or 
combination of both. S-band frequency 
range, 2.65 to 2.95 KMC, with effective 
radar cross section of 75 sq. meters and 
10° (3db points) beam width. X-band 
frequency range, 8.5 to 9.6 KMC, with 
effective radar cross section of 640 sq. 
meters and 3° (3db points) beam width. 


Pulses intercepted by the parabolic re- 
flector are directed into the waveguide 
assembly, where they are phase-modulated 
(and to a small degree amplitude-modu- 
lated) by bias switching diodes. Switching 
frequency adjustable over a ratio of ap- 
proximately 2 to 1, depending upon vol- 
tage of battery used. 


GILFILLAN 


MT 


CORNER 
REFLECTOR 
constant 
monitor for 
surveillance 
accuracy 


Unique applications in L-band or other 
frequency .bands as a research tool for 
the investigation of propagation paths or 
for commercial uses also available. 


Send your requirements to: 


iifillan 
1815 Venice Boulevard 
Los Angles, California 








By their outstanding quality 







Unequa!led 
lightness 


Gerzat gas 
bottles are 
constructed of 
the same 
aluminium alloys 
as those used in 
the airframe and 
aircraft engines. 
These alloys 
undergo 
accurately 
controlled heat 
treatment giving 
them high 
strength 
characteristics. 











ocean 11 
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uaranteed 

solidity 
The patented 
manufacturing 
process obviates 
all welding and 
guarantees that 
no weak points 
occur. The 
bottles conform 
strictly to current 
regulations. 
Certain models 
are also fitted 
with a high 
tensile steel wire 









binding. 





CATALOGUE FREE ON REQUEST 
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INFLAMMABLE GAS 
OXYGEN 
NITROGEN, ARGON 
C02. FREON 
COMPRESSED AIR 
HYDROGEN 
etc 










GERZAT 


compressed or liquid gas 
Larger 
sanusity bottles fulfil all the —_, 
The light weight FINCA OM MECCA 


of the bottles 
aviation. 








enables their 
capacity to be 
increased 
without an 
increase in the 
total weight. 













Possible applications: 


Compressed air bottles capacity 
50 litres at 4,270 p.s.i. 

for jet engine starting. 

Oxygen bottles capacity 50 litres 
at 1,420 to 3,550 p.s.i. 

for breathing oxygen. 

Carbon dioxide bottles 

for fire extinguishers, dinghies 
and life jackets. 








SOCIETE METALLURGIQUE DE GERZAT 


Head Office : 23 bis rue Balzac, Paris 8e, Tel, WAG 86-90 
Factory and Technical Service : Gerzat (Puy-de-Dome), Tel. GERZAT 32 and 33 
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THE MOST MODERN AND COMFORTABLE JET PLANE 


4 ALITALIA =. 
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JET ENGINES 
UNDERCARRIAGES 
MACHINE TOOLS 
NUCLEAR ENGINEERING 
ENGINEERING STUDIES 
DIESEL ENGINES 














HISPANO SUIZA 


BOIS-COLOMBES — SEINE ~ FRANCE 




























Multiple earth connectors for 
— and electronic ser- 
vices 


Connection of radar equipment 
with type 8142 extractor plugs 








Among the many possibilities which Souriau con- 
nectors offer in the aeronautical field, the disconnec- 
tion of multiple earth leads simultaneously is a partic- 
ular application which has been adopted by technicians. 
Upon receipt of your request we will forward our 
catalogue J which has been prepared in English, 
German and Italian, together with the equipment 
brochure “ Connectors.” 

These documents will give you a clearer understanding 
of the manifold applications of these plugs, which 
can easily be prepared in sizes ranging from a small 
connector with five contacts to a large 160 contact 
connector with extractor. 


SOURIAU.;C* 


9, RUE GALLIEN! BOULOGNE -BILLANCOURT (SEINE) MOLITOR 67-20 +- 26-75 


COMMON MARKET ASSOCIATES: SOURIAU electric G.m.b.H., DOSSELDORF/RHLD, Rathausufer 17, Tel. 17172 
Société Electrique Bénélux SOURIAU, 163, rue Royale, BRUSSELS, Tel. 17-46-65 - SOURIAU Italiana S.p.A., 
Piazza Velasca 5, MILAN, Tel. 806-277 
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ARMEE 
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ADRESSEZ-VOUS 
AU MINISTERE 
DES ARMEES “AIR” 
SERVICE D’INFORMATION 
et o’é&TUDES 
26, BOUL. VICTOR 
PARIS 15* - LEC. 64.63 


arme nouvelle 
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BOMBRINI PARODI-DELFINO 


Explosives and ammunition — Chemical products, metal goods and textiles 







EXPLOSIVES, AMMUNITION AND PROPULSION DIVISION 






Military supplies 


Complete rounds for artillery and ammunition for small arms 
Solid-propellant rocket motors 

Rockets for civil and military use 

High explosives and propellant charges 









Mining explosives 


Dynamite and explosives for public works, mines, quarries, etc. 







Products for sporting guns 


Powders, cartridge cases, percussion caps and complete cartridges 
















ROME—VIA DEL CORSO, 267 MILAN—VIA PALESTRO, 2 





COSTRUZIONI AERONAUTICHE ‘ 
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Production helicopters : Bs 
AB 47G - AB 47G2 - AB 47G3 “cata Noe yal Nhe saa ll ER cag (es ata emna NE mcr ae 
AB 47J - AB 47J3 - AB 102 
CASCINA COSTA 


Experimental helicopters : 
AZ 101G - A103 GALLARATE 
Aircraft : ITALY 


Four-engine AZ 8L 
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BOFORS 


ANTITANK 
MISSILE 


Ek AS Re EOP rt eee wece Die oF ar ur 6 kg 
A Ss SS ea ORB ie st Pas eh Roe 815 mm 
COE hia. COR eo es 400 mm 
@ Weight of container—launching tube with missile 10 kg 
@ Dimensions of container ........ 860 x 195 x 195 mm 
Oe Si OU a er oS ees ee ee 2000 m 
@ Armour-piercing capacity........ 400 mm or more 
@ Wire-guided 


AB BOFORS, BOFORS - SWEDEN 
















For the development of our fast executive aircraft and for 
other tasks, we are looking for further qualified 
engineers, designers and draughtsmen. 


GRADUATE ENGINEERS 


to work on aerodynamic, stress and structures 
problems, and for independent work on aircraft 
systems. 


DESIGNERS 


with technical training at secondary-school level 
or the equivalent experience, capable 

of working independently on problems relating 
to airframe and equipment structures. 


DRAUGHTSMEN 


to make detailed design drawings. 














Aeronautical experience preferable, 
but not essential. Knowledge of French or German 
would be an advantage. 


Suitable applicants will be offered interesting positions 
with good prospects and favourable working conditions. 


Applications, giving details of professional training 
and experience, salary required and date 
of availability, should be addressed to 


AVIATION DEVELOPMENT INC., st. Gallen/Switzerland 




















| Société 
d’Etude de la 
Propulsion 
par Réaction 








All techniques concerning rockets... 











liquid-propellant 
solid-propellant 
...and test 













1, VOIE DES SABLES 
VILLEJUIF (SEINE) - Tél. : ITA. 57-69 
















89 % cme mmany se O1p 
K 3 a S O F RA N - t EFFICIENCY FOR 
100 % mere ee WATE Pp SOLID PARTICLES 


SOFRANCE S.A. — TELEX: 58 036 — PARIS, 206, bd Péreire, tel. ETO 35-19 — LYONS, 1, rue Ferrandiére, tel. 37-82-52 — DUNKIRK, 24, rue Faulconnier, tel. 28-68 
LIMOGES, 34, av. Général-Leclerc, tel. 37-26 and 28-23 — ALGIERS, 5, rue Lys-du-Pac, tel. 360-29 — BRUSSELS, 35, av. des Canaris, tel. 72-76-13 
STUTTGART, Stephanstrasse 33, tel. 930-27 — LIVORNO Corso Mazzini 70, tel. 24-481 — TARRASA (BARCELONA), San Cristébal 27, tel. 4745 














Cliches Schwitter S.A. 
Stel {= 

PAV dleis) 

Bureau Lausanne 

















SERVICES LINKING 
4 CONTINENTS 


LINEAS AEREAS DE ESPANA 



























H E R E Outside the existing network of major air routes with the long 
runways required by conventional airliners, the BREGUET 941 
z ri FE CO N V bk N T | O N A L will bring air transport to areas hitherto inaccessible because 


of the absence or inadequacy of landing grounds, thus giving 
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Scheduled 
heliservices 
between 


NAPLES - ISCHIA - CAPRI 
[ELL 


ITALIAN HELICOPTER AIRWAYS 









General Agent: ALITALIA 
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Snap-on Covers 
for INTERAVIA REVIEW 


Have you already ordered the 
binders for your 1959 volume 
and issues 1 to 6/1960? 


Price per binder for 6 issues: 
Switzerland: 7.— SFr. 


* Other countries: 12.— SFr.; £1.0.0; $3.00 


* post free but excluding customs charges 


For Information and Bookings . 
Consult your IATA Travel Agent or MIDDLE EAST AIRLINES Offices everywhere 


MIDDLE EAST AIRLINES 


B.0.A4.C. Associote 
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Boeing 707 jet sound suppressor 


The oil that's safe through 500 degrees F: 
HOW ESSO DOES IT! 


Jet age aircraft make unprecedented demands on good lubricity and stability at very high temper- 
lubricants. Not even the most highly refined mineral atures—and easy-flowing properties at very low 
oils are able to cope with the temperature extremes temperatures. Esso was the first successfully to 
in turbine engines. Needed was a synthetic oil with develop such an oil. 
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At an altitude of 40,000 ft., temperatures Esso synthetic engine oils were ready before the first turboprop Viscounts 


entered commercial service. Esso Aviation Turbo Oils 35 and 15 were the 
first approved oils for all turbine-powered airliners. In fact, the development 
of these engines depended upon the availability of Esso Aviation Turbo Oils! 


near the intake can be aslow as —65° F. Yet 
in some of the highly-loaded bearings, with 
rpm up to 14,000, they may soar to 450° F. 


~~ a 
INTERNATIONAL AVIATION PETROLEUM SERVICE 





